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Editor’s Note – Pangasius in Nigeria

There has been quite a vigorous discussion on the 
SARNISSA listserve recently about the recent introduction 
of Mekong catfish (Pangasius) to Nigeria. Pangasius was 
brought to a private farm in Ogun state, southwest Nige-
ria, and has since been moved to farms in other parts of 
the country. I will try to summarize the main points of the 
discussion—paraphrasing, interpreting, or quoting the dia-
logue. In many ways, it’s the same old story: unscrupulous 
and self-interested businessman ignores or is in collusion 
with government regulators and politicians. The story points 
out how difficult it is to have sustainable development—of 
any kind—when government institutions are weak and ac-
countability is low. 

There is great concern about the potential environmental 
costs of the introduction, with reasonable speculation that 
the migratory Pangasius is likely to escape and become es-
tablished because conditions in many river systems in tropi-
cal Africa are similar to those of the Mekong River system. 
Within ten years, it seems likely that reproducing popula-
tions of Pangasius in the wild will become a reality. 

Nigerian participants in the discussion have expressed 
shame and outrage, calling the introduction a “crime against 
biodiversity” and “species pollution.” The Pangasius in-
troduction is perceived to have “spoiled” and done a “dis-
service” to the hard work and investments made by many 
people over many years to build the commercially success-
ful Clarias aquaculture sector in Nigeria, which is now the 
leading catfish producer in Africa. The introduction is seen 

as a distraction from a focus on a single species (in this case 
Clarias gariepinus), an ingredient in the success of commer-
cial finfish aquaculture sectors in the US, Norway, Chile, 
and Vietnam. Nigerian fish farmers have a perfectly good 
catfish, with an established commercial sector, and now “the 
next big fish” has arrived.

The fact of the introduction can be seen as symptomatic 
of weak governance and an example of a failure of govern-
ment regulatory institutions. Environmental managers and 
regulators within government are entrusted to act in the 
public’s best interest to protect and manage public resources. 
The introduction, an act driven by collusion between politi-
cians and an economic elite, undermines good governance. 
An open and transparent process and well-established, in-
ternationally approved biosecurity protocols that include a 
formal environmental risk assessment were not followed. 

Now that the introduction has been made, Nigerian gov-
ernment resource managers are in a difficult position to man-
age the consequences. Nigeria does not have the resources 
in money and manpower to manage the risk of an invasive 
species introduction. There was a call to eradicate the fish in 
Nigeria and to bring the responsible parties to account. As 
is the case anywhere, in assessing the risk of introductions, 
a prudent and precautionary approach is needed, one that 
anticipates the worst case: fish will reproduce in the wild, 
displace native species, and transmit diseases.

Some blame for the introduction goes to farmers them-
(Continued on page 9)
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President’s column

Over the last few decades, aquaculture has 
become an important component of  the food 
production sector. The State of  World Fish-
eries and Aquaculture published by the Food 
Agriculture Organization of  the United Na-
tions indicates that 52.5 million t of  fish were 
produced in aquaculture in 2008, correspond-
ing to 46 percent of  the total fish supply of  the 
world, and representing an estimated value of 
US$ 98.4 billion.

The annual production of  fish coming from 
capture fisheries has been stable at about 90 million t, at 
least over the last three decades. On the other hand, the 
demand for human fish consumption continues to grow 
and must remain on that course for the next decades. 
Consequently this increased demand must be met by 
aquaculture, which remains the fastest-growing animal-
food production sector.

In parallel, the World Aquaculture Society has been 
playing a very important role in development of  aquacul-
ture. Through its missions to a) gather and disseminate 
technical and other information on aquaculture world-
wide; b) hold meetings for the presentation, exchange, 
and discussion of  information, findings, and experiences 
on all subjects and techniques related to aquaculture; c) 
encourage aquaculture research, development and edu-
cation activities by international, national, and private 
agencies, among others, it has been contributing to the 
progressive and sustainable development of  aquaculture 
throughout the world. 

The Society is represented in more than 80 countries 
and the number of  members exceeds 2800. However, in 
considering these statistics, the number of  WAS members 
might be considered unsatisfactory. To increase the num-
ber of  members, the WAS Board of  Directors and the 
various committees have been updating and implement-
ing new programs and benefits to attract more members. 
However, from my perspective, the participation of  our 
current members in recruiting new members is essential.  
If  each current member convinces one person to join 
WAS, in one year the number of  members would double. 
Let’s do it!

Before finishing, I would like to give my impression 
about the USAS Chapter conference that was held in Las 
Vegas from February 29 to March 2. The conference was 
very successful, and the number of  attendees from dif-
ferent countries exceeded 1,100. Several world-renowned 
participants from academia and the commercial sector 
were present.  The technical sessions, which covered a 
wide range of  aquaculture topics, were well attended and 

they served as an excellent forum for discussion. 
The trade show was also great and it was nice 
to see the interaction between academic and in-
dustry participants. I would like to express my 
congratulations to all those people involved in 
the organization of  this successful conference. 
Moreover, during the conference in Las Vegas, 
the contract for World Aquaculture 2015, which 
will be held Jeju, South Korea, was signed by me 
and the governor of  Jeju Province, in the pres-
ence of  several South Korean dignitaries. 

Finally I hope to meet all of  you at our upcoming an-
nual conference that will be held in conjunction with the 
European Aquaculture Society and other associates in 
Prague, Czech Republic, later this year (September 1 - 5). 
More information about the conference can be found in 
this issue of  World Aquaculture magazine or obtained 
from the WAS website (www.was.org).

— Ricardo C. Martino
President

Awards presented 
by NAA

President of the National Aquaculture Alliance, Mike 
Freeze, presented two awards at Aquaculture America 2012 
in Las Vegas. The McCraren Award, in memory of Joseph P. 
McCraren, was presented to Bob Robinson, in recognition 
for his Outstanding Contributions in Promoting the Growth 
of Aquaculture. Betsy Hart received a Lifetime Achievement 
Award from the NAA.
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The holiday letter from George and Susan Chamber-
lain, no doubt written by Susan, overflowed with chatty 
updates about their children, all grown and pursuing their 
careers and, typical of  Susan, few details about her own 
activities. A few days after receiving the letter, we learned 
that Susan had passed away. It was heartrending news that 
came as a total shock to the hundreds of  people around 
the world who knew and cared about her. 

I met Susan while teaching aquaculture in the Depart-
ment of  Wildlife and Fisheries Sciences at Texas A&M 
University. One fall semester in 1976, a lovely young 
woman and a rather scruffy-looking graduate student 

Susan Ball Chamberlain: A retrospective 

Susan’s interest in aquaculture endured throughout 
her life, as did her interest in George. When they met, he 
was driving a beat up white Jeep, formerly used by the 
Postal Service for mail delivery, with the steering wheel 
on the right. I never knew if  it was his good looks, engag-
ing personality or that distinctive old Jeep that first at-
tracted Susan. In any case, their relationship blossomed 
into a strong marriage, a loving family with four fine 
children, and an energetic partnership that contributed 
to the robust growth of  the aquaculture industry and its 
voluntary adoption of  needed environmental protection 
standards.

Over the years, Susan’s contributions, though usually 
behind-the-scenes, were critical to the success of  many 
projects. In 1994, when the World Aquaculture Soci-
ety’s magazine was running far behind schedule, George, 
as WAS president, volunteered to take on the issue. “It 
meant recruiting and editing articles, selling advertising, 
finding photos, preparing layout, and arranging for print-
ing and distribution,” he recalled. “I quickly got over-
whelmed and would have failed if  Susan hadn’t stepped 
in. She reviewed previous issues for fonts, formats, head-
ings, etc., adopted the style, and set a target content. Af-
ter a couple months of  gathering articles and selling ads, 
she discovered that we exceeded our goals for advertising 
and articles and had enough content for a 128-page is-
sue.” A potential failure turned into an outstanding is-
sue that reached 8500 readers including participants at 
the World Aquaculture ’95 conference in San Diego. It 
leapfrogged the magazine ahead by three months, and the 
extra content helped expedite subsequent issues. 

As Director of  Aquaculture at Ralston Purina Inter-
national, George saw an opportunity to connect Purina’s 
aquaculture feed customers with the excellent information 
presented at WAS conferences. He arranged an incentive 
travel program, where customers who purchased enough 
feed could qualify for a free trip to the annual meeting. 
Customer travel arrangements became a huge challenge 
due to the individual changes that each country requested 
almost daily. Again Susan took over, making travel ar-
rangements for about 150 customers from regional offices 
in six countries and coordinating registration of  all par-
ticipants at the WAS meeting. After the trip, she final-
ized the accounting details and arranged for billing or re-
imbursement of  customers and countries as needed. She 
finished with a complete, auditable accounting record of 
detailed reports and spreadsheets. According to George, 
“Susan was the real unsung hero of  the conference for 
many international participants who could never have at-
tended without her help.” 

Susan sort-
ing benthos 
at the Texas 
A&M University 
Aquaculture 
Resesrch 
Center in 1977.

showed up for my aquaculture class. It soon became clear 
that Susan Ball and George Chamberlain were more in-
terested in each other than in my undoubtedly stimulating 
lectures, yet somehow they managed to get high grades 
for the course. 

Susan produced a solid undergraduate research proj-
ect, “Density and Temperature Effects on Overwintered 
Tilapia aurea,” and I eventually hired her to work in my 
laboratory. She was tasked with sorting, counting and 
identifying benthic organisms collected for a project that 
involved establishing a salt marsh on dredge material. Su-
san’s job was boring, repetitive work, but she was tena-
cious, efficient and precise. 
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   At the opening ceremony of  the 1995 WAS 
conference in Bangkok, a thousand delegates 
patiently awaited the arrival of  the Royal Prin-
cess of  Thailand. George was ready to give her a 
polished fossilized nautilus on a small stand with 
an engraved plaque expressing the Society’s ap-
preciation. “Her motorcade pulled up to the VIP 
entrance, and I was whisked down the hallway to 
greet and escort her to the stage with a large en-
tourage of  Thai government officials. However, 
the person holding the fossil had set it down on 
a chair, where it tipped over and fell to the floor. 
The plaque bounced off, and the nautilus rolled 
away! As the royal procession got to the stage 
and I was introduced to present the gift, I was 
amazed to find the nautilus and engraved plaque 
re-assembled like new by Susan, who happened to 
have superglue in her purse.” 

   At the World Aquaculture ’97 conference 
in Seattle, a group of 
56 stakeholders from 12 
countries unanimously 
agreed that an interna-
tional aquaculture trade 
association was needed to 
counter attacks from envi-
ronmental groups and help 
guide commercial aqua-
culture toward a sustain-
able future. This led to the 
formation of  the Global 
Aquaculture Alliance, an 
international non-profit 
trade association that be-
gan its journey with dona-
tions and passionate vol-
unteerism. George served 
as the unpaid president, 
while Susan managed 
administration, finance, 
and communications 
with members. Operating 
out of  their living room, 
she published a 16-page 
black-and-white newslet-
ter, soon expanding it to a 
90-page color, bi-month-
ly magazine, the Global 
Aquaculture Advocate. She took responsibility for layout, 
advertising, printing and distribution. As the GAA grew, 
she oversaw the move to a professional office in 2000, and 
assisted with hiring, training, and supervision of  addi-
tional staff. In 2001, Susan began organizing annual GAA 
conferences that were held in Singapore, Indonesia, Mex-
ico, Thailand, Chicago USA, Vietnam, Miami USA and 
Spain. She established and administered the startup of  a 
separate non-profit trade association to administer GAA’s 
Best Aquaculture Practices (BAP) certification program. 

George and Susan Chamberlain in Bangkok for the 1995 World 
Aqujaculture Society conference.

The GAA is now a well-estab-
lished, internationally-respected 
organization with strong and 
growing support, but it traces its 
roots to Susan’s dedicated work 
behind the scenes. Never seeking 
recognition, Susan exemplifies the 
lesson that each of  us can make 
a difference, even when it seems 
that our work is not important or 
visible. 
______________

Susan K. Bell was born in Berke-
ley, California. She spent her early 
years in Utah, Texas and the coun-
try of  Iran, where her father worked 
for the Chevron Oil Company. After 
graduating from Texas A&M and 
marrying George, she worked for 
the Forest Oil Corporation in Cor-
pus Christi, Texas, during which 
time their four children were born. 
Once the family left Texas and be-
came established in St. Louis, Mis-
souri, they remained in that city on 
the Missouri River except for two 
years in Mexico.

Susan is survived by her husband George; children 
Brian and wife Erin, Jordan, Sarah and Kassie Chamber-
lain; mother Patty Ball; a brother and a number of  nieces, 
nephews, brothers-in-law and sisters-in-law, along with 
many hundreds of  us who had the opportunity to know 
and love her. 

Susan was 55 years old when she passed away. She 
made many valuable contributions during her relatively 
short life – only a few of  which are provided here.

— Robert R. Stickney, Ph.D.

Susan Chamberlain at the Global Aquaculture Alliance 
booth during the recent WAS meeting in Natal, Brazil.
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USAS Conference roundup

Aquaculture America returned 
once again to Sin City in early Feb-
ruary, this time to the impressive 
Paris Las Vegas Hotel and Casino. A 
replica of  the Eiffel Tower and Arc 
de Triomphe are among the notable 
architectural features of  the resort, 
taking their place near the Bellagio 
and the Venetian at the heart of  the 
Strip. The Paris is a sister property 
to Bally’s, where the Society has met 
previously. Indeed, several pre- and 
post-conference meetings took place 
in Bally’s, which is connected to Paris 
by a mall-like passageway. The con-
ference facilities were conveniently 
located near these two hotels.

It was high season for tourism in 
Las Vegas and the Strip was choked 
with people day and night. In the 
passageway near the conference 
facilities, you would occasionally 
catch a glimpse of  people you know 
amid the throng of  tourists, gam-
blers, and quite possibly small-time 
con men. More than a few confer-
ence participants took advantage 
of  the broad range of  entertain-
ment options available in the city, 
including myriad shows by the likes 
of  Cirque du Soleil and Blue Man 
Group.

The conference opened with the 
traditional plenary session. Chair of 
the conference steering committee 
Jeff  Silverstein began the plenary by 
making reference to the conference 
theme of  “bringing all players to the 
table,” saying that this is a pivotal 
time for animal agriculture and that 
all parts of  the value chain need to 
work together. Jeff  and technical 
program chairs Steve Rawles and 
Betsy Hart did an excellent job of 
putting together a comprehensive 
program on traditional and timely 
topics.

Mike Freeze gave a brief  indus-
try update from the perspective 
of  the National Aquaculture As-

sociation and then presented the 
McCraren Award to Bob Robinson 
and a Lifetime Achievement Award 
to Betsy Hart on behalf  of  the 
NAA. President of  the USAS Mi-
chael Schwarz presented the Dis-
tinguished Lifetime Achievement 
Award to Ted Batterson. Details 
about this award and Ted’s career 
are found elsewhere in this issue of 
World Aquaculture.

The Spotlight Award presenta-
tions were next in the plenary. This is 
a recent innovation at USAS confer-
ences, highlighting the work of  grad-
uate students. Each student has a few 
minutes to summarize their research 
and the plenary audience is then 
asked to rank the presentations. The 
quality of  this year’s presentations 
was truly impressive. The Spotlight 
Award winner and runners-up are 
identified in the article on student 
activities.

The plenary lecture was presented 
by Patrick Dempster, the general 
manager of  AquaGen Chile. The 
presentation was full of  good lessons 
for modern commercial aquaculture 
sectors around the world. The lecture 
covered three topics: value chains 
and the Chilean salmon industry, the 
ISA outbreak, and genetic selection 
programs. Look for at least one arti-
cle on these subjects in a future issue 
of  World Aquaculture.

After the plenary, there were es-
sentially two and a half  days of  con-
current sessions, with twelve concur-
rent sessions most of  the time. As a 
measure of  self-organization, there 
were more than 18 special sessions 
assembled for this conference, in-
cluding sessions on marine ornamen-
tals, tuna aquaculture, integrated 
molecular and cellular approaches to 
stock improvement, and using distill-
ers dry grains with solubles as a feed 
ingredient, among many others. Feed 
got deserved attention in a number 

of  sessions and fishmeal replacement 
continues to be an active line of  re-
search. It’s always a challenge to get 
the most out of  what the conference 
offers.

There were sessions for students 
on professionalism and another 
on women in aquaculture. There 
were several sessions oriented to-
wards producers and others with a 
direct role in various parts of  the 
value chain. The major US trade 
association for various commod-
ity fish—trout, hybrid striped bass, 
and tilapia—also hosted sessions. 
The zebra fish session has really 
come of  age in the last five years 
and once again was well attended. 
Biofloc technology and aquaponics 
were among the novel culture sys-
tems that received attention at this 
year’s conference.

Perhaps my most favorite session 
of  the conference was the “Stories 
of  Aquaculture Pioneers,” organized 
and moderated by Dave Conley. This 
was the latest in a series of  sessions 
(and a book) on “post-retirement ca-
reers in aquaculture” begun by Mi-
chael New more than ten years ago. 
Scientific aquaculture is relatively 
new in the context of  the long histo-
ry of  practical aquaculture but many 
of  the scientists, active at a time 
when aquaculture science and global 
production were taking off, are now 
retiring and taking their collective 
wisdom with them. This session was 
a great opportunity for people with 
long careers to reflect on their ac-
complishments and provide lessons 
to those of  us who follow behind. 
The session (and conference) ended 
with the presentation from a young 
pioneer aquaculture businesswoman 
from Burma who wowed the audi-
ence and earned sustained applause 
for her story of  personal fortitude, 
persistence, and ultimately success. 
We intend to have an article from her 



World AquAculture  7 

in the next issue of  World Aquacul-
ture. 

The trade show was well attend-
ed, both from the perspective of  the 
number of  commercial suppliers 
with booths and from the foot traffic 
of  conference participants, many of 
whom took the opportunity to wan-
der over to the nearby poster area. 
Feed companies seemed particular-
ly well-represented at this meeting. 
Novus Aquaculture was a Premier 
Sponsor of  the conference. Along 

with Novus, the Gold Sponsors—
Aquatic Eco-systems, Firestone 
Specialty Products, Aquaculture 
Systems Technologies, Empyreal 75, 
Innovative Heat Concepts, and Kas-
co Marine—generously sponsored 
the numerous coffee breaks and 
late-afternoon happy hours. By the 
number of  intense conversations go-
ing on during those occasions, it was 
clear that these opportunities for net-
working and information exchange 
were valued by conference goers. Of 

Ted Batterson receives Distinguished 
Lifetime Achievement Award from USAS

lect and real-world understanding. He was 
a skillful consensus builder, with the ability 
to turn a broad vision into a set of  ambi-
tious but achievable goals. He has provided 
the leadership in building the team respon-
sible for molding the North Central Region-
al Aquaculture Center into a successful and 
well-recognized program. He was responsible 
for developing much of  the original vision 
for the NCRAC and is commended for his 
wisdom in relying on and involving his col-

leagues and co-workers to assist him in making the vi-
sion a reality. These characteristics have translated into 
a positive impact on the continued development of  the 
aquaculture industry in the Midwest over the past two 
decades.

His dedication to US aquaculture can also be dem-
onstrated by his participation on countless panels and 
review committees as well as his service to numerous 
professional organizations and workgroups. While serv-
ing as USAS President his plan for USAS was forward 
thinking and methodical and the policy and procedures 
that he outlined for awards, as well as the roadmap he 
co-developed through the Five-Year Strategic Plan, will 
allow the Society to not only maintain the status quo but 
to advance in a way that benefits not only the US Chapter 
but the entirety of  US aquaculture through the goals and 
benchmarks that he defined for both.

One of  his greatest legacies is the growing list of  profes-
sionals on whom he has left his mark. They have learned 
many things from Ted, not least of  these is the power of 
process and group consensus on the development of  ef-
fective research and extension aquaculture programs in 
the Midwest. 

The Distinguished Lifetime Achieve-
ment Award recognizes an individual who 
has made contributions and broad impacts 
throughout their career to aquaculture in 
the United States through research, educa-
tion, extension, and/or industry develop-
ment. This award recognizes a long-term 
commitment of  service to aquaculture that 
is deemed highly significant and enduring.

For more than 20 years Ted Batterson 
has energetically supported aquaculture de-
velopment in Michigan, the North Central Region, and 
the U.S. He has been an active member in a number of 
professional aquaculture organizations including the 
World Aquaculture Society, United States Aquaculture 
Society, Fish Culture Section of  the American Fisher-
ies Society and the Michigan Aquaculture Association. 
In 1997, he was received a Leadership Award from the 
Michigan Aquaculture Association for outstanding ser-
vice, leadership and promotion for aquaculture in the 
state. Through exceptional personal effort and initiative 
for over 20 years, he has directed a nationally respected 
research program that has supported a diverse array of 
topics and has never lost sight of  the need to connect re-
search to stakeholders. 

The level of  organization with which he managed the 
North Central Regional Aquaculture Center (NCRAC) 
pays testament to his driven personality. His talent for 
building effective collaborations among a variety of  ac-
ademic, federal and aquaculture industry personnel al-
lowed the NCRAC to leverage its limited funding and 
help maintain the fledgling Midwestern aquaculture 
community against long odds. He was an administra-
tor who exhibited a rare combination of  research intel-

course there were a number of  ad-
ditional scheduled opportunities for 
socializing, including the President’s 
Reception, the always-rollicking 
NAA auction, and the increasingly 
popular Closing Happy Hour.

Between the solid offerings of  the 
conference and the entertaining at-
tractions of  Las Vegas, every confer-
ence participant was dealt a winning 
hand.

— John A. Hargreaves
Editor-in-Chief
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Student activities and awards 
in Las Vegas

Student activities in Las Vegas were highlighted by a 
free field trip to the Mandalay Bay Aquarium and Shark 
Reef, coordinated by Aaron Watson. After lunch, the stu-
dents took a tour of Acrylic Aquariums. The field trip was 
sponsored by ten suppliers to commercial aquaculture in 
the USA. These include Aquaculture Systems Technologies, 
MDM Inc., Polytank, Inc., R&B Aquatic Distribution, Inc., 
AquaLogic, Aquatic Eco-Systems, Inc., Performance Pro 
Pumps, Emperor Aquatics, Inc., Hydro Composites, LLC 
and RK2 Systems. The students were extremely grateful for 
the generous support provided by these suppliers.

As is custom at US Chapter meetings, the USAS presented 
student awards at an early-evening dinner function for stu-
dents. The Spotlight Award was very competitive this year, 
with three excellent short (3-min) presentations given in suc-
cession during the opening plenary by graduate students of 
their research, truly a high-pressure moment. These three stu-
dents were also selected as winners of USAS Best Abstract 
and Travel Awards. The Spotlight Awards give prominence to 
up-and-coming scientists. Brought to the Chapter by Wendy 
Sealey, the feature continues to be tweaked but is rapidly be-
coming yet another good reason to come to the plenary.

This year’s Spotlight Award First Place went to Joshua T. 
Patterson of LSU for his work with gulf  killifish (Intraspe-
cific variation in reproductive potential with body size in fe-
male gulf  killifish Fundulus grandis).

Fernando O. Mardones, one of the Spotlight Award final-
ists, received recognition for his modeling of disease trans-
mission (Modeling transmission of infectious hematopoiet-
ic necrosis virus in juvenile Chinook salmon Oncorhynchus 
tshawytscha).

The other Spotlight Award finalist was Chris G. Hooley 
of USFWS, Bozeman, Montana, who presented his work 
on tilapia diets and stress (Examination of the effects of di-
etary protein and lipid levels on growth and stress tolerance 
of tilapia Oreochromis niloticus).

Other awards presented at Aquaculture America 2012 
include:
•	 Carlin	 M.	 Fenn	 of	 Illinois	 University	 at	 Carbondale	

received the Best Student Abstract award from the US 
Aquaculture Society and the American Fisheries Society 
- Fish Culture Section for “Efficacy of Aqui-S® as a 
sedative for handling and cortisol suppression in pallid 
sturgeon.”

•		 Blake	Hauptman	of	 the	US	Fish	and	Wildlife	Service,	
Bozeman, Montana was awarded First Place for Best 
Presentation for “Evaluation of the ability of ethanol 

From left to right, USAS President Gary Fornshell, Joshua 
Patterson, WAS President Ricardo Martino, USAS Past-
President Michael Schwarz.

From left to right, USAS President Gary Fornshell, Fernando 
Mardones, WAS President Ricardo Martino, USAS Past-
President Michael Schwarz.

yeast to replace fish meal in the diets of juvenile rain-
bow trout Oncorhynchus mykiss.” Receiving the award 
for runner-up for Best Presentation was Noel Novelo 
of Louisiana State University for “Formulating an ul-
trasound imaging classification system for the channel 
catfish ovarian cycle.”
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•	 Maritza	 Anguiano	 of	 Texas	 A&M	 University	 received	
First Place for Best Poster for “The effects of dietary 
nucleotides on growth and immunity of Nile tilapia 
Oreochromis niloticus.” The award for runner-up for 
Best Poster went to Courtnay Janiak of Delaware State 
University for “Direct delivery of VP19 double stranded 
RNA into the gut of Litopeneus vannamei shows protec-
tion against white spot disease.”

•		 Mike	Timmons	and	Jim	Ebeling	presented	RAS	“Yellow	
Book” Undergraduate Student Travel Grant awards to 
Shawnee Gehrig of Iowa State University and Nathan 
Wallace Herring of Mississippi State University.

The USAS Student Activity Committee presented appre-
ciation awards to:
•		 Matt	DiMaggio	for	serving	as	USAS/WAS	student	liai-

son and for coordinating the session “Tips for the Young 
Aquaculture Professional.”

•		 Karolina	Kwasek	for	coordinating	the	session	on	“The	
Impact of Women on Aquaculture.” Charles Brown for 
coordinating student workers at Aquaculture America 
2012. 

•		 Curtis	Crouse	for	coordinating	the	Student	Quiz	Bowl.	
•		 Jason	Broach	for	coordinating	the	roommate	service.	
•		 Aaron	Watson	for	coordinating	the	student	field	trip.	
•		 Chris	Hooley	and	Blake	Hauptman	for	coordinating	the	

Student Questionnaire. 

From left to right, USAS President Gary Fornshell, Chris 
Hooley, WAS President Ricardo Martino, USAS Past-President 
Michael Schwarz.

•		 Michele	Thompson	for	serving	as	student	subunit	coor-
dinator. 

•		 Christine	Savolainen	and	Bonnie	Mulligan	for	serving	as	
prize coordinators.

selves, specifically to an attitude common to farmers every-
where. Farmers commonly believe that new or exotic fish 
species other than the local, endemic stock they are grow-
ing now performs better and they want it. One participant 
said that a common view in Nigeria is that imported things 
are better than indigenous things. Furthermore, Pangasius 
culture is being actively promoted, stimulating interest, but 
farmers are naïve to the potential consequences of the intro-
duction beyond the farm.

The discussion veered toward a comparison of the rela-
tive merits of Clarias and Pangasius. Clarias appears to have 
many advantages over Pangasius, including greater growth 
rates, higher stocking densities, better feed conversion, and 
simpler spawning. However, Pangasius can use a lower, or 
more properly, a wider range of dietary protein concentra-
tion than Clarias, which only grows well at a relatively high 
level of dietary protein. Also, differences in relative perfor-
mance vary by system density.

The existing Clarias catfish sector in Nigeria is supported 
by imports of costly high-protein feeds. Importing Pangasius 
does not change this dynamic and only exacerbates the situ-
ation. The greater concern is the development of commer-
cial aquaculture based on a fed species in countries where 
hard currency (foreign exchange) must be used to purchase 
imported feed to sustain the sector. 

Furthermore, achieving full production potential of the 

existing fish species in aquaculture in Africa is not con-
strained by characteristics of the species. Indeed, the full 
growth potential of most species in aquaculture in Africa is 
rarely realized because growth and production are more of-
ten constrained by the availability of suitable inputs. Bring-
ing in a new species does not address this constraint.

Nigerians should take pride in the development of a suc-
cessful commercial sector based on an endemic African spe-
cies. The focus should be on improving the performance of 
existing Clarias stocks rather than bringing in another spe-
cies. Also, investments in adding value to products, product 
diversification, and addressing other issues associated with 
seasonal oversupply can further advance the sector.

Successful commercial aquaculture is not just about a 
species, it includes investment in all parts of the value chain, 
including hatchery, nursery, grow-out and all associated 
technical inputs. It requires the combination of genetic re-
sources, water resources, technical inputs, and human re-
sources. It includes running a farm like a proper business. 
How fish are grown is more important than what species is 
grown. Bringing in a new species does not change the funda-
mental limitations associated with production, especially in 
Africa. Focusing on locally available species and then imple-
menting a program to avoid inbreeding is a much more sen-
sible approach than bringing in new species.

— John A. Hargreaves
Editor-in-Chief

Editor’s NotE

(Continued from page 2)
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Latin American and Caribbean Chapter 
President’s report

Since assuming the LACC presidency during 
World Aquaculture 2011, I have been working 
closely with all members of  the Board of  Direc-
tors to organize the chapter and give more vis-
ibility to its actions. Our highest priorities and 
challenges are to contribute to the strengthening 
of  aquaculture in the region and the establish-
ment of  linkages and communication between 
the countries of  Central America, South America 
and the Caribbean. 

Currently the LACC has 281 active members: 
88 from the USA (the majority!), 76 from Brazil, 30 from 
Mexico, 10 from Colombia, 9 from Peru, 8 from Chile, 6 
from Argentina and 5 from Ecuador. Other countries in 
Latin America and the Caribbean have 1 or 2 members 
(Cuba, Panama, Venezuela, Costa Rica, Dominican Re-
public, Nicaragua, Guatemala and Guadeloupe). We also 
have members from around the world, including distant 
countries (e.g., Vietnam, Micronesia, New Caledonia, 
Australia, the Philippines, Iran, India and several Euro-
pean countries). From this picture we can see that, in sev-
eral LACC countries where aquaculture is developed, the 
number of  members is low, demanding actions to improve 
their participation in the Chapter.

Communication within the chapter was greatly im-
proved in our term. In April 2012 we had a mid-year meet-
ing in São Paulo, Brazil, and four of  seven members were 
present. During this meeting we discussed the possibility 
of  developing a Country Ambassador program, following 
what is done by the Asian-Pacific Chapter (APC), aiming 
at to help the LACC recruit members and identify aqua-
culture organizations/expertise and national and regional 
issues. If  you would like to apply for this position, please 
contact me (portella@caunesp.unesp.br).

We are also working hard to improve communication 
to Chapter members as well. The LACC website is being 
revised, updated and will move soon to the was.org do-
main. A web designer in Brazil has been specifically hired 
for this purpose. I hope to set up the new website soon 
and make it more useful for our membership. It is criti-
cal to count on membership contributions to constantly 
improve the website and I request that members send us 
information about aquaculture activities in your region, 
events, and job and training opportunities. This collabo-
ration will strengthen communication among the various 
segments that comprise aquaculture in the LACC region. 
As soon as we have the website ready, we will post two 
books (Patologia e Immunologia de Camarones Peneidos 
and Manual de Buenas Practicas de Manejo para el Culti-

vo del Camarón Blanco Penaeus vannamei) for 
free-of-charge download for LACC members. 
We thank LACC Past President Juan Pablo 
Lazo and WAS Past President Craig Bowdy 
for their efforts to have these books reviewed 
and made available for LACC members.  

The student representative on the LACC 
Board of Directors, Marcelo Shei, is very dy-
namic, and is actively giving special attention 
to the WAS page on Facebook (www.facebook.
com/groups/73133442568/), posting news, an-

nouncements of scholarships, educational opportunities, 
job vacancies, conferences and more. I invite all members, 
especially students, to visit and join the LACC student Fa-
cebook page.

Considering the importance of scientific and commercial 
conferences to disseminate aquaculture-related information 
and to increase the visibility of the chapter, we are working 
in support of three events in 2012: 
1. The South American Symposium on Micro-

encapsulation will be held in Limeira, SP, Brazil (im-
pascience.eu/ bioencapsulation/2012_Limeira/) from 
April 30 to May 2;

2. The International Mariculture Seminar: Science and 
Technology for Sustainable Mariculture, organized by 
Ricardo Martino (WAS President), in Angra dos Reis, 
RJ, Brazil, from November 6 to 9. This conference will 
be the official LACC meeting in 2012;

3. The III AquaPesca Brasil 2012 – International Fishery 
and Aquaculture Fair, planned for November 7 to 9, 
at Bahia Convention Center, Salvador, Brazil (aquap-
escabrasil.porta80.com.br/index2012.html). 

The LACC Board of Directors is also exploring other op-
portunities to give institutional support to future meetings 
in Latin American and Caribbean countries. If  you are orga-
nizing an aquaculture conference and want LACC partici-
pation, please contact us. The Board welcomes the oppor-
tunity to evaluate any possibility of joint events, interaction 
with colleagues and contact with commercial sectors. 

At last but not least, two other points were subject of 
profound debate by the LACC Board members: elections 
and the two-year period for LACC Officers, following the 
tendency adopted by other WAS Chapters. Currently, the 
LACC Board is not complete: there is no President-Elect 
and a Director (at-large Board member) must be elected 
because the term has already expired. For this reason, the 
Past President is organizing elections to reconstitute the 
full Board as soon as possible. Taking the opportunity 

(Continued on next page)
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USAS Chapter President’s report

Thank you to all members of the United States Aqua-
culture Society (USAS) for your support and confidence in 
me to lead the Chapter this year. I am deeply honored to 
represent such a fine organization and its membership. For-
tunately there is a strong foundation within USAS to rely 
upon. I have the support and guidance of the 2012 Chap-
ter Officers and Members at large, the Home Office, past-
presidents committee, and of course all my friends and col-
leagues within the Chapter. 

I wish to welcome incoming Vice-President Mike Denson, 
Board member at large David Cline and Student Liaison Aar-
on Watson. The 2012 officers and members at large are:

Past-President: Michael Schwarz (mschwarz@vt.edu)
President: Gary Fornshell (gafornsh@uidaho.edu)
President-Elect: Kevin Hopkins (hopkins@hawaii.edu)
Vice-President: Mike Denson (densonm@dnr.sc.gov)
Secretary/Treasurer: Reginald Blaylock (reg.blaylock@

usm.edu)
Member at Large: Rick Barrows (Rick.Barrows@ars.

usda.gov)
Member at Large: David Cline (clinedj@auburn.edu)
Member at Large: Andy Lazur (lazur@umd.edu)
Member at Large: Steve Rawles (Steven.Rawles@ars.

usda.gov)
Student Liaison: Aaron Watson (aaronwatson05@

gmail.com)
From 2011, I wish to thank outgoing Past-President Wen-

dy Sealey, Board member at large John Scarpa and Student 
Liaison Matthew DiMaggio for their dedication and service 
on behalf  of the Chapter. 

Outgoing President Michael Schwarz’s service during his 
Presidency was commendable and as a result the Chapter is 
in very good standing. Treasurer Reginald Blaylock report-
ed total Chapter assets of $215,435.19 at the annual Board 
of Directors Meeting in Las Vegas on February 28, 2012. 
In addition, we have a good operating budget. Moreover, in 
spite of the current economy, there was good participation 
at the Aquaculture America 2012 meeting in Las Vegas. It 
was a very good show due to capable individuals such as 
Conference Chair Jeff  Silverstein, Technical Program Chair 
Steve Rawles, John Cooksey, Carol Mendoza, Judy An-
drasko, and all other supporting groups and individuals too 
numerous to mention. The USAS presented several student 
awards, including the Spotlight Award and a Distinguished 
Lifetime Achievement Award, all of which are highlighted 
elsewhere in this issue of World Aquaculture. 

USAS will continue to focus efforts on student services 
and awards. Students are our future. USAS will also up-
date and redesign the website. Social networking and other 
online services are becoming ever more important in how 

people interact, communicate and acquire information and 
as such, the new website will be pivotal in maintaining good 
services for the membership. 

An area that the Chapter will explore is the development 
of research-based educational materials about U.S. aquacul-
ture. I believe most everyone involved in aquaculture—be they 
from academia, industry or government—is aware of the lack 
of knowledge about aquaculture and misinformation about it 
throughout our society. This lack of knowledge and misinfor-
mation can result in poor decisions at a personal level, where, 
for example, someone does not eat certain cultured seafood 
because of the mistaken belief that dyes are used to color the 
flesh. Poor decisions can also be made at the societal level, 
where funding for research and development in the sciences 
may be viewed as nonessential. Research-based information 
can empower people to make informed decisions. This is not 
lobbying. It is making available research-based information 
on a topic for people to use as they wish. The Past-Presidents 
Committee will work on this issue.

Planning for AQUA 2013, the Triennial meeting of the 
Fish Culture Section of the American Fisheries Society, Na-
tional Shellfisheries Association, and the World Aquacul-
ture Society is well underway. The conference will be held 
in Nashville, Tennessee from 21-25 February 2013. If  you 
are interested in volunteering to organize a special session, 
or if  you have any ideas for topics that might be included for 
this conference, please contact Dr. Sandy Shumway, Chair, 
Program Committee: sandra.shumway@uconn.edu. 

An organization is stronger and healthier when its mem-
bers are engaged. I urge and plea with everyone to become 
involved and connect with the Officers and Board members 
at large. Let us know how we can better serve our member-
ship, our parent society the World Aquaculture Society and 
our industry. 

— Gary Fornshell
President USAS

presented by the upcoming election, in the same ballot 
to select Board members, the LACC membership will be 
asked to vote on proposed changes in Chapter Bylaws. So, 
be prepared to nominate your candidates and vote when 
asked! I also urge all members to keep your membership 
in WAS and LACC current. If  you are not yet a member, 
please join our Chapter. 

— Maria Célia Portella
President LACC

LACC ChAptEr

(Continued from previous page)
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Asian Pacific Chapter update

I write this as we wrap up the 3rd AQUATECH: 
Aquaculture Expo & Convention Philippines 2012 
at the Lewis Hotel in Angeles City. The APC was 
an organizing partner of this event and there were 
two APC Board members in attendance, Mark Oli-
ver, the student Director, and me. This conference 
was sub-titled “Profitable Aquaculture: Supporting 
Sustainable Practices” and drew almost 150 partici-
pants from around the Philippines, greatly exceeding 
the level of participation anticipated by the organizers. Lo-
cal and internationally based speakers spoke to the Philippine 
audience about the importance of responsible and sustain-
able practices in aquaculture. Participants were very happy 
with the quality of the speakers and materials presented and 
planned to bring the messages and ideas learned to others. 

We are now preparing for the next big event, AustralAsian 
Aquaculture 2012, which will take place from May 1-4 in 
Melbourne, Australia. By the time you read this, the event will 
have happened. The conference will have many other associ-
ated activities, including a simulated seafood health scare that 
will be a “Trial of a Seafood Incident Response Plan,” funded 
by the Seafood Services Australia (SSA). The conference itself  
will have two Chairman’s Lunches to bring together influen-
tial stakeholders to discuss issues of importance to the aqua-
culture and seafood sectors. The conference will also feature 
the inaugural Australasian Aquaculture Awards (The Blue 
Thumbs). Following the conference, there will be interesting 
field trips and the AquaEd program, which is supported by 
NMIT and sponsored by AgriFood Skills Australia.

The APC Chapter met virtually through Skype in March and 
passed a framework for the creation of an Executive Advisory 
Council and the Country Ambassadors Program and started 
vetting both EAC representatives and Country Ambassadors. 
In addition, dramatic changes to the APC website were imple-
mented. Although the website remains primarily text-based at 
present, we have added a lot more material and welcome APC 
members to provide more. We can add these to the new APC 

National Information section. We also started initial 
Arabic, Chinese and Japanese sections, the latter to 
benefit new members that joined the Chapter from the 
ongoing merger of the APC and Japan Chapters into 
a broader Asian Pacific Chapter.

In May and June, Roy Palmer will travel to Ja-
pan to meet with the new APC members there to 
discuss the potential for a Japan Symposium. I will 
also travel in June to Myanmar, where I plan to dis-

cuss the possibility of a symposium there with the new APC 
Myanmar Country Ambassador Kyaw Tun Myint and the 
Myanmar Fisheries Federation.

Looking westward, the APC has had its first strategy 
meeting with APC members in UAE to plan for an “Arid 
Aquaculture Symposium” that is targeted for January 2013. 
We hope to bring together people that live in arid land areas 
to discuss the current status and future potential for aqua-
culture in arid areas. This effort is was conceived by Roy 
Palmer, our immediate APC past president, and the strategy 
meeting included APC UAE Country Ambassador Jean-
Yves Mevel, Prathapchandra Shetty and me.

We are also looking forward to the next APC meeting in 
2013 in Ho Chi Minh City, Vietnam. The Steering Committee 
will be chaired by APC President-Elect Amrit Bart, assisted 
by Allen Wu, an APC member from Taiwan, and Program 
Chair, the APC Secretary-Treasurer, Wayne O’Connor. It is 
expected that this event will occur at the Saigon Exhibition 
and Convention Center on 10-13 December 2013. This event 
will be held in conjunction with the International Oyster 
Symposium (IOS5).

Plans are proceeding for World Aquaculture 2014, which 
will take place in Adelaide, Australia, on 7-11 June 2014. 
At least two APC members, Mark Oliver and Gay Marsden 
(who are also Board members) will be on the Steering Com-
mittee for this event. This will be the de facto Asian Pacific 
conference for 2014 as well.

I was present at Aquaculture America 2012 in Las Ve-
gas and participated in the signing ceremony for World 
Aquaculture 2015, which will be held on Jeju Island, South 
Korea in May of  2015. Several APC members will partici-
pate on the Steering Committee for this event, which will 
also be the de facto Asian Pacific conference, similar to the 
WA2014 event.

We are now seeking nominations for two APC Board 
positions that are opening for election. If  you would like 
to nominate someone or nominate yourself, please send 
an email to APC and include a short biographical sketch. 
Please make sure you are a member of WAS APC first!

Two of our APC past presidents are running for positions 
on the WAS Board, Graham Mair for WAS President-Elect 

Almost 150 participants from around the Philippines met in 
Angeles City for the 3rd AQUATECH: Aquaculture Expo and 
Convention. (Continued on page 14)
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Korean Chapter update

The preparatory ad hoc committee of  the Na-
tional Organizing Committee (NOC) for World 
Aquaculture 2015 met on March 22 at the Office 
of  Jeju Special Self-governing Province (JSSP) 
in Korea, presided by Professor Jeong Yeol Lee. 
The membership of  the NOC includes the Gov-
ernor of  JSSP and the president of  the Jeju Na-
tional University as co-chairmen; the Chairman 
of  the JSSP Council and the Minister of  Fisher-
ies, Agriculture, Forestry and Food as honorary 
chairmen; and the director of  National Fisheries Research 
and Development Institute (NFRDI) and the Chief  Of-
ficer of  Jeju Fish-Culture Fisheries Cooperatives (JFFC) 
as vice-chairmen; and the president of  the Korean Society 
of  Fisheries and Aquatic Science as Conference Chair-

man. Professor Sungchul ‘Charles’ Bai will be in 
charge of  the Program Committee and Professor 
Kwang-Sik Choi will co-chair the Steering Com-
mittee.

The 6th Meeting of the Joint US – Korea Co-
ordination Panel for Aquaculture Cooperation 
was held on March 20-21 in Busan. This panel has 
been discussing joint planning and prioritization 
of international research collaborations, sharing 
research advances and coordinating research pro-

grams since 2002. The NFRDI was the primary scientific 
organization of the Ministry of Fisheries, Agriculture, For-
estry and Food and the Ministry of Land, Transport and 
Maritime Affairs. The US cooperating partner is the Na-
tional Oceanic and Atmospheric Administration. The panel 
discussed 2012 Project Proposals and recommended the de-
velopment of alternative feeds to reduce the use of fishmeal 
and fish oil as the top priority task. The panel also discussed 
other proposals such as GEOHAB, the development of mo-
lecular probe-based assays for detection of harmful algal 
blooms; cooperative research on the production of high-
value oysters, and Integrated Multi-trophic Aquaculture 
(IMTA).

The NFRDI welcomed its new president, Mr. Son Jae-
hak Son on 19 March (www.nfrdi.re.kr/page?id=en_index). 
The Korean Chapter welcomes him and expects a positive 
outcome from his creative leadership of fisheries research 
and the sustainable development of the fisheries industry. 

The Jeju Federation of Fishery Cooperation welcomed 
its new chief officer, Mr. Yong Woong Yang on April 3. He 
promised to support World Aquaculture 2015 in Jeju. In his 
inaugural address, he spoke of the need to support the de-
velopment of blue-ocean industries, especially aquaculture.

The 6th World Ocean Forum 2012 will be held form June 
4-6 at BEXCO and Yeosu Expo 2012 (eng.expo2012.kr). 
The meeting will bring together policymakers, private bod-
ies and other stakeholders to launch a special session and 
an exhibition to examine the future of rising marine bio-
industries (www.wof.kr/eng/index.asp). Mr. Hack-Churl 
You, the CEO of the Pegasus Company (pegasus1@pegasu-
shomepage.com) and a member of the Korean Chapter, will 
participate with his company’s product, seaweed pulp, in 
the Special Session - Diverse Industrial Models of Marine 
Bioresources.

The Miyeok-Dassima Festival was held on 6-8 April in 
Gijang-gun Ilgwang-myeon Yi-diong, about 10 km north of 
Haeundae, Korea. This area is famous for kelp (Undaria pin-
natifida) aquaculture production. Miyeok is U. pinnatifida 
in Korean (wakame in Japanese) and dassima is Saccharia 
japonica in Korean (kombu in Japanese). The opening cer-

(Continued on page 68)

and Roy Palmer for a Board of Director’s position, as is an-
other APC member Francisco Gomes. I encourage you to 
vote for these APC members for leadership positions in the 
parent society election.

If  you are not yet a member of WAS or the APC all the 
activities we are doing will hopefully encourage you to join. 
Even if  you are a member of WAS already and in a different 
Chapter, it is not too late! You can contact the WAS Home 
Office at CarolM@was.org and she can guide you through 
the procedure to join the APC. During the recent event in 
Las Vegas we welcomed a new APC member, Imad Saoud 
from Lebanon, who added APC to his current WAS mem-
bership. 

Finally the APC Student Newsletter was added to our 
website and there will be student awards given out by the 
APC at the AustralAsian Aquaculture conference in Mel-
bourne. We are holding a competition to update our logo, 
with The WAS APC Logo Design Challenge. There is a US$ 
200 cash prize to be awarded, so if  you have the graphic de-
sign skill, why not submit an entry? The full rules can be 
found in the Student Newsletter on our website.

As you can see, our Chapter is busy and active. If  you are 
in the Asian region and not yet a member of WAS or the 
APC, please contact us via email (apcwas@was.org) and be 
sure to visit our website (www.was.org/APC). We continue 
to look forward to an eventful and exciting 2012 for WAS 
and the Asian Pacific Chapter. 

— Lukas Manomaitis
President APC

(Continued from page 12)
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Geothermal tilapia aquaculture – 
Pushing the efficiency envelope 
Mike H. Hosford1

Inland water reuse aquaculture systems (RAS) are an ex-
ample of cutting-edge technology. Water quality, primarily 
temperature, and sustainable flow rate dictate the technical 
complexity and cost of these systems. Where the water sup-
ply has a favorable temperature, simple RAS can support 
large fish density with relatively low recirculating flow and 
minimal treatment of that flow. At dilution rates of 100 
percent or more per day, filters for fine solids capture and 
nitrification are not required and significant cost-savings in 
terms of installed and operating costs can be realized. These 
systems are called “partial” RAS (PRAS).

Dilution is the primary solution to pollution accumu-
lation in PRAS, keeping ammonia and suspended solids 
concentrations in check and providing first-line control of 
dissolved carbon dioxide (CO2). Circular culture tanks, de-
signed and operated as swirl separators, concentrate and 
remove heavy solids through center-bottom drains. With 
effective fish tank design and adequate dilution, dissolved 
oxygen (DO) supply and CO2 removal are the only remain-
ing water quality challenges. Water recirculation pumps and 
pumping costs for DO maintenance and CO2 stripping are 
quite high in traditional systems – too high in fact for most 
tilapia farms.

California tilapia farmers, led by Dean Farrell (1931-
2011), have made significant strides in PRAS design and 
operation. First, careful fish tank design and management is 
used to facilitate solid waste removal. Second, miserly water 
use elevates dissolved CO2, reducing pH and, in turn, the 
toxic fraction of ammonia. Third, high-efficiency oxygen 
transfer devices called California Tubes (aka Farrell Tubes) 
minimize recycle flow requirement, pump size, and operat-
ing cost. Finally, radial-flow settling (RFS) devices are be-
ing investigated for reducing suspended solids concentration 
and oxygen demands and for consolidating sludge.

Water Conservation and Ammonia Control through 
Elevated Dissolved CO2

Ammonia and CO2 are the main dissolved metabolic 
wastes produced by fish. In PRAS, these can accumulate to 
toxic levels. Tilapia are active and healthy at CO2 concen-
trations of 40 mg/L and they can probably tolerate greater 
concentrations without adverse effects. At these relatively 
high concentrations, dissolved CO2 is readily off-gassed by 
low-powered paddlewheel aerators. Some California tilapia 

This is a 440-m3 fish production tank at Kelley Hot Spring Fish 
Farm, Canby, California.  Left to right:  40-m deep California 
Tube, liquid oxygen cylinder for emergency oxygen supply, 
paddlewheel aerator, and spray aerator for cooling water prior 
to harvest.

farmers intentionally restrict their dilution water flow rate 
and paddlewheel operation to affect the balance between 
toxic and nontoxic forms of ammonia. Allowing CO2 to ac-
cumulate lowers pH. At an operational pH of 6.7, the toxic 
form of ammonia remains at safe levels up to total ammonia 
concentrations of 20 mg/L. This approach to ammonia con-
trol has also been used in European eel and Clarias catfish 
aquaculture.

By minimizing water usage California tilapia farmers get 
the most out of their water resources. The typical dilution 
rate is around one fish production tank volume per day. At 
that rate, farmers can feed up to 1 kg/m3 of tank water vol-
ume every day, which is also 1 kg/m3 of water used. Geo-
thermal water is often used for dilution in tilapia PRAS, so 
farmers must strike a balance between temperature and am-
monia control when selecting flow rates. 

Economical Oxygen Transfer – the California Tube 
(aka “Farrell Tube”) 

Dean Farrell was not satisfied with off-the-shelf  oxy-
genation systems because the cost of  equipment and op-
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Fingerling production tank. In left foreground is the pump 
sump where water is lifted to a 12-meter deep California Tube 
(to the right with ladder).

eration were just too expensive. When he built his farm in 
1996, Dean and his farm manager, Dave Russell, invented 
a new oxygen transfer device they called the “California 
Tube.” Tests on a 40-m deep California Tube revealed a 
field oxygen transfer efficiency of  90 percent. Efficiencies 
of  standard U-Tubes and in-tank oxygen diffusion sys-
tems are much, much less. 

Deep California Tubes, Low Pumping Cost – Push-
ing the Envelope

Ron Ketler, another California tilapia farmer, con-
structed fish tanks that were 15 m in diameter by 2.4 m 
deep, much larger than those on Dean Farrell’s farm. Be-
cause equipment was not readily available to install large-
diameter California Tubes, the typical depth was roughly 
doubled to about 40 m. 

About 3 mg/L of  oxygen are dissolved per meter of 
California Tube depth. Based on that, the DO in the dis-
charge from a 40-m California Tube would be 120 mg/L! 
Fortuitously research indicated that such high DO con-
centrations were fairly stable when water was ‘gently 
stirred and not shaken.’ Also, the dilution of  incoming 
high-oxygen water with bulk fish tank water resulted 
in little, if  any, DO coming out of  solution (efferves-
cence).

Operation of  the double-deep (40-m) California Tubes 
resulted in doubled DO concentrations, which allowed a 
halving of  the water recycle flow rate. A 1-kW axial-flow 
water pump can recirculate 20 m3/hr in this PRAS. At 
carrying capacity, tilapia in the 440-m3 rearing tanks can 
be fed up to 600 kg of  fish feed per day (1.4 kg/m3). 

Total electrical power required to operate this PRAS is 
about 5 kW, including generation and compression of  oxy-
gen and paddlewheel operation. This high efficiency cannot 
be accomplished with other kinds of  oxygenation equip-
ment. Some credit for this achievement goes to John Ble-
rot of  Oxygen Solutions Inc. for providing high-efficiency 
oxygen generation systems and service. Whether purchased 
in liquid form or generated on site, oxygen is expensive and 
inefficiency is costly.

Solid Waste Separation and Consolidation – Radi-
al-flow Settlers (RFS)

When the recycle flow rate is reduced through the use of 
deep California Tubes, solid waste settling devices become 
more feasible. The first rule for success in RAS water treat-
ment is rapid, gentle and thorough solid waste removal. 
Radial-flow Settlers (RFS) can capture over 75% of  total 
suspended solids (TSS) in RAS. Particle settling devices 
are sized by hydraulic loading: the lower the flow rate, the 
smaller the settler. Ron Ketler has built an experimental 
tank-side settler and is in the process of  building large RFS 
units to treat farm effluent.

Using standard surface loading rates for RFS, the 440-
m3 fish tank requires a 3.3-m diameter settler. Alternative-
ly, multiple RFS units can be installed in parallel – two 
at 2.3-m or four at 1.6-m diameter. Smaller settlers are 

cheaper and easier to install. Multiple banked units allow 
one RFS to be taken offline at a time and cleaned without 
interrupting the water recycle flow. Finally, automation 
of  sediment purge and cleaning can be a simple matter in 
smaller units. 

Treatment of  PRAS recycle flow by RFS allows in-
creased flow through center drains. In turn, this makes 
for cleaner (lower solids concentration) fish tanks, clean 
enough for salmonids and other sensitive fish. Fish tank 
biochemical oxygen demand (BOD), an index of  allowed 
response time in the event of  system failure, may also be 
significantly reduced.

The Road Behind, the Road Ahead
Dean Farrell spent about ten years studying aquacul-

ture systems before breaking ground on his own farm 
in Palm Springs, California. Within only eight years, he 
built a profitable tilapia farm bursting with technologi-
cal innovation. On this farm, he developed the California 
Tube, a highly cost-effective oxygen transfer technology. 
The tubes are fairly simple and are typically fabricated 
and installed by farmers with the help of  local well drill-
ers. Ron Ketler calculates that this equipment paid for 
itself  in two years relative to previous costs for liquid oxy-
gen. This work represents major progress in reducing the 
costs of  geothermal tilapia production. The more than 
100 California Tubes installed across the USA offers a 
glimpse of  the potential benefit of  using this technology 
in commercial aquaculture. 

Notes
1Aquaculture Solutions, 1412 Crescent Ave., Klamath Falls, OR 

USA
+1 541 884 0150
aquaculturesolutions@charter.net

+1 541 884 0150
mailto:aquaculturesolutions@charter.net
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AQUA 2012: Science responds to 
industry needs

As with all the events organised by the European and World Aquaculture Societies, our 
AQUA 2012 event in Prague in September will focus on how science plays a fundamental role in 
the development of the global aquaculture industry. 

The AQUA 2012 theme, Global Aquaculture: Securing Our Future, has obvious implica-
tions in global and regional food security and aquaculture trade, placing aquaculture prod-
ucts in the global fisheries market. It also refers to economic and environmental sustainability 
and the image of aquaculture activities.

As the latest AQUA 2012 advertisement depicts, the event will be a truly global one, includ-
ing technical sessions that cover farmed fish, shellfish, algal and crustacean species from all 
climatic zones and all continents.

Exhibitors from around the world will therefore be present in the AQUA 2012 trade exhi-
bition to display their latest products and services to the sector and several special events are 
being organised to facilitate communication between stakeholders – and especially between 
science and industry – through the Farmers’ Days and through other special and additional events, such as those described 
below.

European Percid Fish Culture Workshop
The EAS thematic group on the culture of pike-perch, perch and other species of the 

family percidae for human consumption, stocking and conservation (European Percid Fish 
Culture – EPFC) will organise a workshop on September 1st, during the set-up and registra-
tion day of the AQUA 2012.

The tentative workshop schedule features a keynote presentation (to be announced) and 
three thematic sessions on broodstock management and fingerling production; on-growing 
and nutrition and marketing and training. In each thematic session, a selection of short 
presentations from industry and research representatives will give an overview of the current 
status and will pave the floor for a panel discussion.

The workshop will:
•	 establish	a	network	of	farmers	and	companies	involved	in	percid	fish	production	and	related	industries	(processing,	

marketing, and others), scientists conducting research on percid species (applied and fundamental), and policy 
representatives and NGOs with a defined interest in percid aquaculture, 

•	 highlight	the	latest	findings	from	percid	aquaculture	research,	
•	 give	farmers	and	companies	the	opportunity	to	steer	research	by	pointing	out	deficits	in	current	knowledge	and	to	

kick off  a dialogue between stakeholders,
•	 identify	the	need	for	future	training	and	education	programs	for	percid	aquaculture	practitioners,
•	 provide	an	easily	accessible	forum	for	the	exchange	of	knowledge,	ideas,	materials,	contacts,	and	much	more,	driven	

by the participants’ needs and interests, and 
•	 send	a	strong	signal	to	policy	makers	and	research	funders,	underlining	the	fact	that	there	is	an	economical	future	

in European percid culture, so there is need for research and development to generate innovation and investment in 
the sector.

The workshop outcomes will be published in the EAS “Aquaculture Europe” magazine.

Aquaculture Technology and Markets Farmers’ Day
The first of the AQUA 2012 Farmers’ Days will take place on Sunday, September 2nd and will focus on technology de-

velopments and market strategies. After general introductions on each of these broad topics, specific species presentations 
and discussions will focus on marine fish, molluscs, shrimp and tilapia.
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Freshwater Fish Farmers’ Day
Organised in partnership with the Czech Fish Farmers’ Association, the Freshwater Farmers Day will provide a forum 

for presentation and discussion, focussing on the following topics:
•	 Broodstock	management	and	reproduction
•	 New	species	within	inland	aquaculture
•	 New	culture	approach	providing	high	quality	fish	product
•	 Pond	carp	production
•	 Sturgeon	culture	and	biology
•	 Percid	fish	culture

AQUA 2012 Farm Tours
Immediately following AQUA 2012, two special one-day farm tours will allow delegates to visit farming activities in 

the Czech Republic.
The first tour will focus on Pond Aquaculture, including visits to the biggest fish farm in the Czech Republic (Fishery Trebon), 

with its traditional fish pond (“Svet”) of 201 hectares and small processing plant. A tasting of traditional fish stew will also be on 
the menu. From there, the tour will continue to Nove Hrady (visiting a typical regional carp fishery with a modern hatchery and 
harvesting in production pond, before 
moving on to Vodnany and visiting 
the faculty – research facilities, hatch-
ery and experimental pond area of the 
University of South Bohemia - and fi-
nally returning to Prague.

The second tour will focus on trout 
from the perspectives of visiting a 
small family trout farm in Vacov, 
before going to the other end of the 
scale with a visit to the biggest trout 
farm in the Czech Republic in Anin 
and finishing with a visit to the Klatovske Fishery and its modern processing line, before returning to Prague. 

Still time to book your booth!
With the global interest generated by AQUA 2012, booth sales are moving quickly. However, booths are still available. 

See the AQUA 2012 web site at www.was.org for information on how to book your booth.

AQUA 2012 Sponsors Aquaculture-Industry Forum
The AQUA 2012 Gold Sponsor, Biomar, the EAS Premium Sponsor MSD Animal Health and the WAS Premium 

Sponsor, Novus will lead a short aquaculture-industry forum that will follow the Farmers’ Day, allowing them to give their 
inputs on the global market within the scope of the AQUA 2012 theme. This short forum will end with a special celebra-
tion, marking the 50th anniversary of Biomar.

Message from the AQUA 2012 Steering Committee
AQUA 2012 Chairman Michael New and his hard-working team look forward to greeting you in 

Prague at what promises to be another of our great global aquaculture exhibitions and conferences. 
Abstracts are still being accepted for the conference and the provisional programme for the event will 
become available at the end of April. 

We wish you good business, many important contacts – old and new - and lots of new business and 
scientific information. Try to find time to explore and wine and dine in Prague too - one of the spec-
tacularly beautiful capitals of Europe!

 See you all there!

For all developments on AQUA 2012,
keep checking the EAS and WAS web sites at www.easonline.org and www.was.org

http://www.was.org/
http://www.easonline.org/
http://www.was.org/
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Aquaculture in the Czech Republic 
in 2012: A prosperous and modern 
European sector based on a thousand-
year history of pond culture 
Zdeněk adáMek, otoMar LinHart, MicHaL kratocHvíL, Martin fLajšHans, toMáš 
randák, toMáš poLicar, paveL koZák

The Czech Republic is a small (78,867 km2), land-locked 
country with 10.5 million people in Central Europe (Fig-
ure 1) and the capital, Prague, with 1.2 million people. The 
country is situated at the upper watershed for three seas: the 
North Sea (the Elbe River - 370 km with Vltava River – 433 
km), the Black Sea (the Morava River – 246 km with Dyje 
River – 306 km as a tributary of the Danube River) and the 
Baltic Sea (the Odra River – 135 km with the Opava River 
– 131 km). Natural lakes are represented by several small 
water bodies, located at high altitude, without any major 
fisheries. Now, 118 dam reservoirs (artificial lakes) have been 
built with a total water area of 14,200 ha (3.517 million m³). 
Commercial fisheries do not, de facto, exist for legal reasons. 
Thus, the fisheries sector in the Czech Republic is repre-
sented by two domains – recreational fisheries (angling) and 
freshwater aquaculture. The majority of aquaculture pro-
duction is from ponds that range in size from <1 to 489 ha 
and which collectively cover an area of 52,000 ha. Ponds are 
an inseparable part of the Czech countryside (Figure 2).

The History of a Unique Czech Fish Pond Aqua-
culture

In the 11th century, the first carp ponds were built in the 
present-day territory of the Czech Republic. Three centuries 
later, the Golden Age of carp farming became an economic 
force in the late middle ages. In the 14th century, 75,000 ha 
of ponds existed and produced about 30 kg of fish per ha. A 
real boom in pond construction took place at the end of 15th 
and the beginning of the 16th century when about 25,000 new 
ponds were built using very simple tools (Figure 3). By the end 
of 16th century, about 180,000 ha of ponds already existed in 
the territory of the Czech Republic, yielding approximately 
40 kg of fish per ha. In addition to the large growth in pond 
numbers, the methods employed in carp culture were greatly 
improved during the Golden Age of Czech pond farming.

The carp culture process established during the Golden 
Age does not differ too much from current practices. Ponds 
were divided into three groups: 1) spawning and fingerling 

Fig. 1. Location of the Czech Republic in Europe and the 
European Union.

Fig. 2. Fishponds are an important component of Czech land-
scape and nature. The pond system Naděj near Třeboň. (Photo 
by Jan Ševčík.)
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ponds during the first year of carp life, 2) grow-out ponds 
for two- to four-year-old fish (two- to three-year-old fish, at 
present), and 3) marketing ponds for marketable fish pro-
duction until the 5th-6th year (maximum four-year-old fish 
at present). The overall carp farming technology was well 
developed and Czech carps were highly appreciated in do-
mestic and foreign markets. 

In the beginning of the 17th century, the era of progres-
sive development of pond culture ended. At the same time, 
all of Europe was affected by the Thirty Years’ War (1618-
1648). Because of enormous human loss of life, the econo-
my was disrupted and pond farming ceased. This period of 
the fall of pond culture lasted until the end of 19th century, 
when carp pond farming was revived.

Under central European conditions, carp has been recog-
nized as the most suitable pond fish for controlled farming. 
Its main advantages for this kind of culture are, above all, 
high fecundity, good growth rate, high resistance to unfavor-
able environmental and climatic conditions, good ability to 
use available natural food as well as low-protein feeds, good 
meat quality, along with high disease resistance and capabil-
ity to withstand handling and transportation. No wonder 
carp is by far the most important fish of Czech pond aqua-
culture (Figure 4).

Current State-of-the-Art in the Czech Republic
Generally aquaculture production in the Czech Republic is 

characterized by extensive and semi-intensive fish farming in 
ponds. Production averages around 450 – 500 kg per ha, with 
individual farms ranging between 200 and 800 (up to 1000) kg 
per ha. Currently, yearly fish production fluctuates between 
17 to 21 thousand t for the last 20 years. Common carp is the 
dominant fish produced (86-88 percent), but polyculture is 
an important aspect of pond farming in the Czech Republic. 
Chinese carps (grass carp, Ctenopharyngodon idella; bighead 
carp, Aristichthys nobilis; and silver carp, Hypophthalmichthys 
molitrix) together with traditional supplementary fish (tench, 
Tinca tinca) and predatory species, such as pike, (Esox lucius), 
zander (Sander lucioperca), European catfish (Silurus glanis), 
and perch (Perca spp.) are all produced in ponds. About 25 
to 30 percent of carp production depends on supplementary 
feeding; however, an overwhelming majority of carp produc-
tion is based on natural food – zooplankton and zoobenthos. 
Wheat and barley are the basic feeds used in ponds. Recently 
feeding and fertilization have been severely restricted by law 
because of eutrophication (algal blooms) in receiving waters 
caused by high nutrient loading. Now, only organic manure 
is applied in very small amounts and lime is mainly used to 
counter negative effects. 

Leading Role of Common Carp Production in Cen-
tral Europe

Live fish, carp in particular, is the most important prod-
uct of Czech aquaculture because carp is a traditional Czech 
dish. In recent years, the domestic consumption of carp has 
increased moderately but steadily. This increase may be re-
lated to the ecological approach to farming. A high propor-

Fig. 3. The pond system in Vodňany region on the map by 
Johannes Christoph Müller from 1720.

Fig. 4. A monument to common carp in Třeboň, Southern 
Bohemia in the heart of the largest area of fish ponds in the 
Czech Republic. (Photo by Zdeněk Adámek.)

Fig. 5. Pond harvesting, a typical autumn scene on the Svět 
pond (215 ha) near Třeboň. (Photo by Zdeněk Adámek.)
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tion of natural food, extensive production and the practice 
of holding harvested fish in flow-through storage ponds 
(Figures 5 and 6) enabled Czech carp to gain a reputation as 
a quality product in domestic and external markets (Figure 
7). Fish processing is performed in 14 facilities, ten of them 
eligible for export to EU countries. There are also about 25 
smaller processing units that only work at full capacity in 
December to meet the demand for fish products during the 
Christmas season. These products include frozen, chilled, 
smoked and marinated fish. The proportion of exported to 
domestically-sold processed fish is 8 – 10 percent. The mar-
keting trend is currently focused on greater and more diverse 
consumption of processed fish. However, it naturally brings 
certain technological problems and lower profitability for 
processing facilities, not to mention another problem rising 
from the increased competition in supermarket chains.

Several factors determine the sale of a fish like carp. A 
relatively high individual weight (2 - 3 kg) is a must for a fish 
sold in the domestic market. The nature of the demand is 
naturally projected onto the whole production system. Thus, 
the usual age of marketable carp is 3 or 4 years, depending 
on climatic conditions. Seasonality is another factor. Most 
sales occur in December in connection with the Christmas 
season. (Carp soup and fried breaded carp are the tradi-
tional Czech Christmas dishes.) Most Czech consumers for-
merly preferred a scaly form of common carp but this has 
now changed in favor of mirror carp.

The Czech carp aquaculture sector, with its long history, 
holds a leading place in Europe (Figure 8). Around half of 
fish production is consumed domestically and the other half  
is exported. The Czech Republic is the largest exporter of carp 
in Europe, where exports go to German (40 percent), Polish 
(15-30 percent), and Slovak (10 percent) markets. The trade-
marks “Czech carp,” “Třeboň carp” (protected geographical 
indication), and “Pohořelice carp” (protected designation of 
origin) have been developed to support the marketing of carp. 
The role of fisheries in the Czech national economy is rather 
marginal. However, because of its long history, tradition, and 
environmental aspects (Figur 9), Czech fisheries have a repu-
table and stable position in the country and in Europe. 

Trout Farming 
The contribution of intensively cultured salmonids to to-

tal Czech fish production is considerably lower compared to 
pond fish production. Over 700 t of market size rainbow trout 
(Oncorhynchus mykiss) and brook trout (Salvelinus fontinalis) 
are produced annually. On the other hand, the production of 
brown trout (Salmo trutta) and European grayling (Thymal-
lus thymallus) for restocking of angling grounds is quite large. 
Salmonids are intensively raised, mostly in raceways, canals 
(Figure 10), and earthen ponds in highland regions. However, 
the number of suitable sites for salmonid farming using flow-
through technologies is greatly limited, resulting from require-
ments on effluent water quality. 

Recirculating Aquaculture Systems (RAS)
Recirculating coldwater and warmwater aquaculture sys-

tems are used only for the production of fish species such as 

Fig. 6. Flow-through concrete ponds supplied with good qual-
ity river water serve as short-time fish storage before distribu-
tion to the market. This fish storage facility is in Pohořelice 
near Brno. (Photo by Zdeněk Adámek.)

Fig. 7. Special trucks are used to transport fish to market. This 
fish storage pond system is in Šaloun near Třeboň. (Photo by 
Zdeněk Adámek.)

Fig. 8. Carp production in Central Europe (FEAP 2011).
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eel, pikeperch, rainbow trout, catfish, and ornamental fish. 
Today, just four large fish farms use RAS for the production 
of marketable or stocker fish, with an annual production of 
150 t. This sector of Czech aquaculture is relatively new and 
its rapid development is envisaged during the next decade. 

Ornamental Fish Industry
Production of ornamental and aquarium fish for hobby 

purposes has a long tradition in the Czech Republic. Cur-
rently, the organization is highly efficient to meet high mar-
ket demands. Hundreds of small breeders have operated 
since the 1960s when the culture of tropical fish became a 
hobby for 40,000 people. Current Czech professional breed-
ers of ornamentals use an aquarium system with or without 
a recycling aquaculture system (RAS) at a median volume 
of around 25 m3 (Figure 11). The Czech Republic is out-
side of the tropical region and, therefore, tropical fish must 
be cultured for a long time under controlled conditions of 
aquariums and RAS. This production system uses domes-
ticated strains well adapted to manipulation, artificial feed, 
and culture conditions. The Czech ornamental fish indus-
try produces continually more than 600 tropical fish species 
of high quality. The Czech Republic is the biggest producer 
of tropical ornamentals in Europe with 31 percent of total 
European exports. Annual export of ornamentals from the 
Czech Republic is around USD 10 – 15 million and this vol-
ume ranks the Czech Republic among the top five export-
ers in the world. Currently, 100 Czech companies possess 
the license for export of ornamentals, mainly to Germany, 
France, the Netherlands, Belgium, Spain and Italy.

Angling Associations 
In the Czech Republic, angling is considered a tradition-

al recreational activity. The first anglers associations were 
founded at the end of 19th century. In 1957, the Czechoslo-
vak Anglers Union was established. Today, the vast majority 
of anglers are organized into two unions – the Czech An-
glers Union and the Moravian Anglers Union. The unions 
are currently among the largest associations in the Czech 
Republic with almost 320,000 members organized into 585 
local units (clubs). In total, 42,000 ha of fishing grounds in 
the Czech Republic are managed by anglers unions. Many 
local angling clubs also participate in the production of fish 
for restocking of fishing grounds. Total stock production is 
annually more than 1500 t. Thirty fish species, including en-
dangered ones, are released to the fishing grounds each year. 
Almost 4000 t of various fish species are caught on Czech 
fishing grounds each year. This amount includes approxi-
mately 3200 t of carp, 23 t of tench, 170 t of bream (Abramis 
brama), 80 t of grass carp, 130 t of pike, 110 t of zander, 80 
t of catfish, 20 t of eels (Anguilla anguilla) , 45 t of rainbow 
trout and 14 t of brown trout. The Czech Anglers Union is a 
member of the International Angling Organization (CIPS) 
and of the International Casting Sport Federation (ICSF). 

Czech Fish Farmers Association
The original state-owned fish production enterprises in the 

Czech Republic were privatized from 1993 to 1995. About 40 

Fig. 9. Czech fishponds also create an important wetland envi-
ronment inhabited by many rare and protected plant and ani-
mal species. This is the inflow area of the biggest Czech pond 
– Rožmberk – 489 ha. (Photo by Jan Ševčík.)

Fig. 10. Concrete canals (raceways) for rainbow trout and 
brook trout culture. This is in Skalní Mlýn near Brno. (Photo by 
Zdeněk Adámek.)

Fig. 11. Breeding system for production of the cardinal tetra 
(Cheirodon axelrodi) in Horní Pěna near Jidřichův Hradec. 
(Photo by Peter Podhorec.)
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ture or sale to customers in other Central European countries. 
Smaller hatcheries of local angling clubs produce larvae and 
juveniles of different game fish species, such as trout, grayling, 
burbot (Lota lota), and other riverine fish for stocking. Hatch-
eries are used for the final phase of fish reproduction, includ-
ing temperature manipulation of broodstock before reproduc-
tion, hormonal treatment, stripping of eggs and sperm, egg 
fertilization, and incubation and hatching. Broodstock culture 
and management are performed under outdoor conditions in 
ponds and angling grounds. This production system uses pond-
cultured or wild broodstock that are spawned once per year 
during the natural spawning period. This means that hatcheries 
of Czech fish farms are used seasonally, without stimulation 
of out-of-season spawning. Czech hatcheries produce high-
quality fish gametes with high fertilization rates (85-100 per-
cent) and high quality larvae with hatching rates from 65 to 
90 percent. Hatcheries are distributed throughout the country 
and cover almost all the total requirement for fish larvae for 
stocking. Only a negligible part of the total requirement for 
fish larvae (mainly zander and European catfish) is obtained by 
semi-artificial methods of reproduction.

Commercial Fish Species
Common carp (Cyprinus carpio) is the most important 

fish species of Czech pond aquaculture and fisheries. Carp 
represents about 90 percent of commercial fish production 
and 70 percent of angling yield. Carp strains are based on 
two principal forms – scaly and mirror carps (Figure 13). 
The nutrition of younger fish is based preferably on zoo-
plankton while older and bigger fish (>2 kg) are rather ben-
thivorous. In ponds, common carp is the dominant species 
in polyculture. Another cyprinid, the tench (Tinca tinca, 
Figure 14) is cultured in much lower proportion because of 
food and habitat competition with common carp. However, 
the popularity of tench abroad makes its contribution to the 
domestic fish market rather marginal. 

European catfish is the largest Central European freshwa-
ter fish species. It can grow up to several tens of kilograms 
and trophy fish are around 100 kg. It is a predatory spe-
cies characterized by white, tasty, slightly fatty flesh, which 
is highly desired by consumers. European catfish, together 
with some other predatory species (pike and zander), are 
important fish in pond polyculture. Besides the extra high 
quality of their flesh, these predatory species play a very im-
portant role in the control and regulation of the population 
size of less-valued small cyprinids (roach, Rutilus rutilus, 
bleak, Alburnus alburnus, bream, Abramis brama, and oth-
ers) and percids (ruffe, Gymnocephalus cernua) in ponds.

Silver carp and other herbivorous fish (i.e., Chinese carps: 
silver carp, bighead carp and grass carp) are cultured in 
pond polycultures because of their ability to ingest, use, and 
control plant organisms (Figure 14). While silver carp and 
bighead carp are filter feeders, consuming planktonic algae 
and small zooplankton (bighead), grass carp feeds on mac-
rophytes, the growth of which can be easily controlled by ap-
propriate proportion of grass carp in fish stocks. However, 
these three species are not native to Europe. 

Rainbow trout and brook trout are important species for 

Fig. 12. The production hatchery of Nové Hrady Ltd. fish farm 
near České Budějovice. (Photo by Tomáš Policar.)

large companies and several small farms were formed from the 
original nearly 20 huge production enterprises. In 1991, a ma-
jority (21 entities) of large and medium-size farms, the national 
anglers unions, fish farming equipment producers, research insti-
tutes, fishery schools and some other fisheries institutions joined 
together to form the Czech Fish Farmers Association based in 
České Budějovice (South Bohemia). In the beginning of 2012, 
the Czech Fish Farmers Association had 71 members.

Members of this association, which is also a member of 
the Federation of European Aquaculture Producers, man-
age nearly 90 percent of the pond area and produce about 90 
percent of all the fish for market in the Czech Republic. The 
association also maintains close contact with about 40 farms 
that are not among its members. The industry has become 
highly concentrated over the past 10 years with seven com-
panies controlling over 50 percent of national carp produc-
tion. These companies employ approximately 1500 people 
throughout the Czech Republic.

The main activities of the Czech Fish Farmers Associa-
tion include the coordination of activities related to legis-
lative standards (both Czech and European), state subsidy 
and fisheries funds, coordination of fish and waterfowl 
breeding, legislative and educational services for members, 
the analyses of damage caused by fish predators and its 
compensation, statistics of production and market outcome 
in fisheries, realization of joint marketing strategies, and 
management of trademarks. 

One other task is to maintain and strengthen the position 
of highly professional and prosperous Czech fish farmers, 
including environmental connections and out-of-production 
social functions of fish ponds. The Czech Fish Farmers As-
sociation represents and asserts the interests of its members 
as well as all of Czech fish farming in local agriculture and 
food bodies. Under the title Rybníkářství (Fish-Pond Farm-
ing), the association publishes its own periodical.

Hatcheries
Each medium or large Czech fish farm has a hatchery for 

larval production of commercial fish species (Figure 12). Fish 
larvae production is used for subsequent steps of pond fish cul-
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diversification of the Czech fish market; however, their pro-
portion to the total fish production is rather less important.

Microalgae Culture 
At present, the culture of planktonic microalgae is the 

aquaculture sector of obvious rising importance. Live mi-
croalgae play a key role in aquaculture, being the feed source 
for rotifers, crustaceans and fish larvae. There are a number 
of different modes where microalgae are used in fish aqua-
culture as sources of biomass – directly as an unprocessed 
sole component (live feed or green water) to build up food 
chains, or in the form of dried material added to pelleted or 
otherwise processed feed. Algal biomass has a high content 
of pigments, proteins, lipids, minerals and vitamins, includ-
ing polyunsaturated fatty acids (PUFAs) and carotenoids, 
which are essential for nutrition and protection. At present, 
microalgae are cultivated on an experimental scale in closed 
or semi-closed systems – photobioreactors with natural or 
artificial sources of light – or in open, large-scale outdoor 
systems, as sources of bulk biomass (Figure 15). 

Aquaculture Research 
At the end of the first decade of the 21st century, aquacul-

ture research in the Czech Republic is concentrated at uni-
versities and in the Czech Academy of Sciences. The Faculty 
of Fisheries and Protections of Waters, University of South 
Bohemia plays the leading role in aquaculture research and 
university education in the Czech Republic. Generally, the 
research is focused on three basic areas:
1. Biological aspects of aquaculture diversity related to 

molecular, cytogenetic, cytometric, hematological and 
reproductive levels of diploid, polyploid and monosex 
fish populations, hereditary traits of fish, levels of en-
docrinological processes in fish reproduction, and cryo-
preservation of gametes and embryos. 

2. Environmental aspects of aquaculture with emphasis on the 
impact of contaminants on the aquatic environment of fish, 
including assessment of the level of contamination and the 
prevention and elimination of health risks in fish farms.

3. Breeding aspects of aquaculture and issues associated with 
intensive fish farming, new methods for aquaculture farm-
ing, influence of piscivorous predators on pond aquacul-
ture, and fish meat quality, as related to their nutrition. 

Education 
Vocational and complete secondary education in fisher-

ies, aquaculture, water management and aquatic ecology is 
provided by three fisheries secondary schools. School gradu-
ates find employment in fish farming enterprises, fisheries-
associated industries and aquarium entrepreneurship, as 
well as professionals in anglers unions, river management 
authorities, state authorities and administration focused on 
environmental conservation and water protection. 

University education in fisheries is provided by two univer-
sities, the Mendel´s University in Brno (MU) and the Univer-
sity of South Bohemia in České Budějovice (USB). Both fa-
cilities also organize professional training courses, seminars, 
national and international workshops and conferences. 

Fig. 13. Marketable mirror (top) and scaly (below) common 
carp. (Photo by David Hlaváč.)

Fig. 14. Tench, silver carp, and grass carp (from top to bot-
tom) are important fish species of pond polyculture. (Photo by 
David Hlaváč.)

Fig. 15. Outdoor large-scale cascade unit for cultivation of the 
microalga Chlorella vulgaris that is used as food and feed sup-
plement (Institute of Microbiology, Třeboň, Czech Republic). 
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biology in Vodňany (RIFCH), the Institute of Aquaculture 
in České Budějovice (IA), the School of Complex Systems in 
Nové Hrady (SCS) and the South Bohemian Research Center 
of Aquaculture and Biodiversity of Hydrocenoses (CENAK-
VA). The USB FFPW is the most comprehensive educational 
institution for aquaculture within Central Europe with bach-
elor, master and postgraduate studies, scientific and applied 
research, inaugural and professorial rights in the field of fish-
eries, aquaculture and protection of waters. The faculty has 
the experimental background for study and research on aqua-
culture, hydrobiology, toxicology, fish diseases, reproduction, 
genetics, fish and crayfish breeding and a unique library on 
fisheries. In total, the faculty has 160 employees, including 
doctoral students, and 220 students in bachelor, master and 
doctoral studies. Bachelor and master studies are conducted 
in Czech, while some master courses and doctoral education 
are conducted in English. Currently, there are 40 students, 
half of them being from abroad, from Ukraine, China, Iran, 
Germany, Belgium, Russia, Turkey, Brazil, Peru, Bangladesh 
and Slovakia (Figure 16). Foreign university graduates inter-
ested in PhD studies in the field of fisheries at USB FFPW are 
invited to visit the faculty website for details (www.frov.jcu.cz/
en/doktorske-studium/ph-d-studies).

South Bohemian Research Center of Aquaculture and Bio-
diversity of Hydrocenoses (CENAKVA) www.cenakva.cz

The project “CENAKVA“ is financed by the Operational 
Program for Research and Development for Innovation of 
Ministry of Education, Czech Republic, 2nd priority axis 
for building R&D centers. Construction of three buildings 
is being undertaken in Vodňany, during 2011-2013. It is 
planned to be the best Central European scientific research 
center, focused on aquaculture and protection of waters 
with special importance given to the following:
1.  Quality of fish flesh - development and improvement of 

Fig. 16. Macrozoobenthos sorting as part of practi-
cal training in pond hydrobiology. (Photo by Zdeněk 
Adámek.)

The Faculty of Fisheries and Protection of Waters 
of the University of South Bohemia (USB FFPW), 
Czech Republic

The faculty was established on 1 September 2009. It con-
sists of the Research Institute of Fish Culture and Hydro-

This article by Zdeněk Adámek and his colleagues pro-
vides a detailed insight into modern Czech aquaculture, 
thus forming some local scenery for the joint WAS-EAS 
conference AQUA 2012 that will be held in Prague 1-5 
September 2012. This meeting gives a unique opportunity 
to view Czech aquaculture on the post-conference scien-
tific tours that have been arranged. This, and the beautiful 
architecture, culture and cuisine of our host city Prague 
(one of the great European capitals), might seem sufficient 
alone to whet your appetite to attend AQUA 2012. How-
ever, the provision of information on national aquaculture 
and research is not all! 

AQUA 2012 will contain the most recent scientific in-
formation on all the components of global aquaculture 
that EAS and WAS conferences always provide, plus a sig-
nificant exhibition of aquaculture products and services 
and the opportunity to meet our sponsors in person. The 
scientific program is huge and comprehensive. At the time 
of writing, well over 1,000 presentations have already been 
submitted and many more will undoubtedly arrive before 
we meet. Our three program chairs, Marco Saroglia, Jose 
Polanco and Zdeněk Adámek have been working hard to 

organize these presentations into a fascinating series of 
sessions. These include alternative aquafeeds; animal wel-
fare; seafood health attributes; causes, consequences and 
prevention of escapees; biofloc systems; breeding and ge-
netics; cage culture engineering; feeds and nutrition; ma-
rine aquaculture; environmental impacts; animal health; 
multi-trophic aquaculture and many more on the specific 
characteristics of the culture of globally important finfish, 
crustacea, algae, molluscs and ornamentals. 

Check www.was.org/WasMeetings/meetings/Default.
aspx?code=Aqua2012 for the full programme matrix and 
for information on the exhibition, tours, registration and 
accommodation. 

My hard-working steering committee and I look for-
ward to greeting you in Prague. Don’t miss this superb op-
portunity to interact with the global aquaculture business 
and scientific communities. Exchange information with 
colleagues old and new. Explore business and job opportu-
nities. Conduct new business and get ideas for your future 
research and training programs. See you all soon!. 

— Michael New, OBE
AQUA 2012 Chairman

http://www.frov.jcu.cz/
http://www.cenakva.cz/
http://www.was.org/WasMeetings/meetings/Default.
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the fish flesh quality by increasing the content of ome-
ga-3 fatty acids and other relevant compounds that have 
substantial importance for the prevention of cardiovas-
cular and other diseases. The output of the program will 
be technology for production of fish, mainly carp flesh 
with better dietary effects for human health. 

2.  Caviar production technology by means of breeding all-
female populations of sturgeon species in fish ponds and 
recirculation systems, while maintaining the existing ge-
netic diversity of current farmed species (Figure 17). The 
output of the program will be production technology for 
rapid growth of sturgeon populations with higher sur-
vival rates in recirculation systems. The subject will also 
be the production of genetically characterized parental 
populations of sturgeons with the determination of the 
molecular-genetic profile of caviar from producers.

3.  Innovation of intensive production methods of commercial 
and game fish species focused on the innovation of inten-
sive production of commercial fish species and produc-
tion of quality fish intended for restocking non-aquacul-
ture waters. The output will be technological procedures 
ensuring fast-growing populations of commercial fish 
species. For the production of fish stocked in open wa-
ters, the breeding technology that uses modern molecu-
lar methods will ensure high bio-genetic quality of fish.

4.  Development and innovation of continuous water quality 
monitoring systems utilizing fish and crayfish as bio-indi-
cators and innovative procedures within the management of 
reservoirs. The main objective of this project is the devel-
opment and innovation in systems of continuous moni-
toring of water quality using fish and crayfish (Fig. 10) 
as bio-indicators with an emphasis on their maximum 
capability, reliability, low attendant demands and effi-
ciency. The output of the program will be suggestions of 
technological quality and safety control of drinking and 
supply water with the use of fish and crayfish as key bio-
indicators and other sophisticated control mechanisms.

5.  Innovation in monitoring the occurrence and impacts of 
extraneous substances in the environment aimed at inno-
vation and efficiency of procedures focused on detection 
of compounds that contaminate the environment and 
also the evaluation of the effects of ´new´ contaminants 
on water organisms. 

6.  Creation and utilization of systematic knowledge basis for 
development of experimental techniques directed to the 
implementation of the latest trends in seafood process-
ing in terms of their analysis and evaluation including 
development of new standards. 

Current Constraints and Opportunities
Environmental regulations severely constrain opportu-

nities for some intensive and even semi-intensive culture 
systems. For instance, fertilizers and feeds cannot be used 
in fish ponds without special permission. The majority of 
ponds are heavily silted, with soil particles deposited in 
thick sediments that considerably reduces the pond pro-
duction capacity and contributes to overgrowth of  water 

(Continued on page 68)

Fig. 17. Siberian sturgeon, Acipenser baeril, farmed in 
CENAKVA. (Photo by Martin Blaha)
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Aquaculture in The Gambia
MicHaeL a. rice1, faMara saMbou darboe2, ousMan draMMeH3, and kanyi babanding3

Historically a Portu-
guese and then a British 
colony, The Gambia (or 
simply Gambia), with a 
population of about 1.7 
million, is in the Sahelian 
Upwelling Marine Ecore-
gion and has about 70 km 
of coastline along the At-
lantic Ocean. Gambia’s 
Exclusive Economic Zone 
extends 200 nautical miles 
from the low water mark 
and covers about 5,000 km2 
of continental shelf  area. 
With a land area of 11,295 
km2, it is the smallest country on con-
tinental Africa ranging from about 
30 to 50 km in width along the banks 
of the Gambia River, but stretching 
about 450 km inland. English is the of-
ficial language, but the country is sur-
rounded by francophone Senegal on 
all sides except for the west coast on 
the Atlantic Ocean. 

The country consists of roughly 
three geographic regions, including a 
lower river region on the coastal plain 
where the river is generally brackish 
and tidally influenced inland for about 
200 km. The central river region east 
of Mansa Konko is mostly freshwater 
during the dry season but also tidally 
influenced. The tidal amplitude is less 
than in the lower estuarine portion of 
the river. There is a non-tidal freshwa-
ter upper river region beginning sev-
eral kilometers east of Georgetown 
(Janjangbure), where the river channel 
becomes shallow and more difficult to 
navigate (Figure 1). 

 Climatologically Gambia experi-
ences a tropical dry season – wet sea-
son precipitation pattern, with most of 
the 990 mm average annual rainfall oc-
curring between July and September. 
The central river region is the major 
grain production center of the country 

Fig. 1.  Map of The Gambia showing major cities and towns and the 
Gambia River that completely bisects the country (CIA 2011).

with irrigated paddy farming of rice 
but production is insufficient to meet 
national demand. Rice is the most im-
portant cereal grain consumed domes-
tically and Gambia is a net importer of 
all of its cereal grains, including rice. 

 Major exports of the country in-
clude peanuts (groundnuts), fish, cot-
ton, copra and palm oils. Banjul, the 
capital city located on the coast, hosts 
the largest fish landing port and the 
country’s sole deepwater seaport and 
nearby international airport with in-
ternational flights to neighboring Afri-
can countries and the European Union 
(CIA 2011). 

According to statistics from the 
Gambian Department of Fisheries, 
the Gambian people consume ap-
proximately 25 kg of fish and other 
seafood products per capita annually, 
nearly double the world average, mak-
ing up some 70 percent of the animal 
protein consumed by Gambians (Jal-
low 2008, FAO 2011). Fisheries re-
sources are provided primarily from 
two sources, the Gambia River and 
the Atlantic Ocean. The maximum 
sustainable yield (MSY) of fisheries 
in all Gambian waters has been esti-
mated by the Gambian Department 
of Fisheries to be about 80,000 t for all 

fish species, while the cur-
rent fishery catches have 
fluctuated between 31,000 
and 45,000 t annually in 
recent years between 1997 
and 2009 (FAO 2011). The 
overwhelming majority of 
fish production in Gambia 
is from wild capture fish-
eries and the gap between 
current catch and MSY 
suggests the possibility of 
some growth in the cap-
ture fisheries sector.

Despite an average 
consumption of about 25 

kg of fish per year, the distribution 
and availability of fish is not uniform 
throughout the country. The vast bulk 
of fisheries landings occur in the lower 
river estuarine portion of the Gambia 
River and along the coast. Transport 
of fish to interior markets within the 
country is hampered by inadequate 
ice-making capacity and lack of re-
frigerated trucking, so simple methods 
of salting and smoking are used to 
preserve fish to allow inland transport. 
But these simple fish preservation 
methods reduce the market desirability 
of fish locally. Additionally the fresh-
water zones of the central and upper 
river regions are overfished, leading to 
local fish shortages, so the Gambian 
Department of Fisheries estimates 
that annual per capita fish consump-
tion in the interior regions of Gambia 
is only about 9 kg, well below national 
and global averages (Gambia Depart-
ment of Fisheries 2010). 

Freshwater Aquaculture
Given the prominence of fish and 

other seafood in Gambian diets, there 
have been some efforts to introduce 
aquaculture. The introduction of 
freshwater aquaculture to Gambia 
occurred during the late 1970s and 
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early 1980s through col-
laboration between the 
Gambian Department of 
Fisheries, Catholic Relief  
Services, and the United 
States Peace Corps, fo-
cusing largely on the in-
troduction of small-scale 
tilapia farming to small 
villages along freshwater 
portions of the river. This 
effort was short-lived but 
provided practical experi-
ence for Gambian fisheries 
officials who participated 
in subsequent efforts to 
culture tilapia and other 
freshwater fish (Jallow 
2009). Problems with these 
initial projects included poor 
site selection, with ponds that 
were built on leaky laterite 
soils, and an unwillingness 
to co-opt space from rice 
farmers, a crop that was con-
sidered by many to be more 
profitable.4 

Renewed interest in fresh-
water aquaculture began in 
2008 with a UN-FAO spon-
sored review of fisheries reg-
ulations that recommended 
more stringent enforcement 
and penalties for illegal fish-
ing, particularly in the up-
per freshwater reaches of the 
Gambia River. Additionally 
technical assistance to estab-
lish freshwater aquaculture 
was provided to the Gambian Depart-
ment of Fisheries and the Department 
of Agriculture by the Taiwan Techni-
cal Mission. A number of factors, in-
cluding the relatively low availability 
and consumption of fish in the inland 
areas of Gambia, also make revival 
of efforts to introduce freshwater fish 
culture an attractive prospect. Several 
species of cichlid fish (mostly tilapias) 
are native to the Gambia River and 
are easily cultured. In addition to tila-
pias, other available species amenable 
to culture include the African catfish, 
Clarias gariepinus; the African arowa-
na, Heterotis niloticus; and the African 
knife fish, Gymnarchus niloticus. The 
Gambian Department of Agriculture 
maintains a series of demonstration 

Fig. 2.  Water supply and drainage canal for Sapu tilapia ponds. 
Photo by Famara Darboe.

Fig. 3.  Manual soil compactors constructed with sticks held 
in concrete poured into 4-L metal cans.  Photo by Famara 
Darboe.

rice farms at Jahili-Medina near the 
village of Sapu (13.546oN, 14.894oW) 
that are irrigated by waters from the 
Gambia River. This region is Gambia’s 
premier rice producing region because 
the Gambia River there is freshwater 
year-round and there is enough tidal 
amplitude to allow periodic flooding 
of fields (Snead 1967). Construction 
of fishponds then became simply a 
modification of existing rice paddies 
using techniques introduced from Tai-
wan.

With major funding provided by a 
Technical Cooperation Program grant 
from the UN-FAO, site selection was 
undertaken in March 2009 with atten-
tion to soil type and determination of 
proper elevation for a water supply ca-

nal (Figure 2). Construc-
tion of 20 ponds began in 
April 2010 and pond bot-
toms were excavated to an 
elevation 1.0 to 1.3 meters 
below the spring high wa-
ter level to allow for pond 
filling. To assure proper 
gravity drainage, pond 
bottoms are above the low 
spring water tidal level. 
Ponds are roughly 340 m2 
in area (about 25 m x 13.5 
m). Due to characteristic 
heavy seasonal rainfall 
during July, August and 
September, dikes were 
constructed with adequate 

height using soil excavated 
from pond bottoms, result-
ing in a freeboard of about 
70 cm, a dike crest width of 
60 cm, and base width of 300 
cm. As dikes were being con-
structed, fish farmers used 
hand-made manual soil com-
pactors to assure that each 
soil layer was adequately 
compacted (Figure 3).

Water is supplied to all 
ponds through a pre-existing 
tidal canal first constructed 
for rice paddy irrigation. 
The supply canal draws wa-
ter directly from the Gambia 
River and flow is controlled 
by a main sluice gate. Water 
supply and drainage of each 
pond is by a concrete monk 

drain system at the deepest part of the 
pond nearest to the water supply and 
drain pipe traversing the water sup-
ply canal dike. As part of the system 
to protect dike integrity, emergency 
spillways are provided to allow rapid 
drainage of water during the rainy 
season. Shallow-rooted creeping veg-
etation was encouraged to grow on the 
dikes to minimize erosion (Figure 4).

When ponds were built, broodstock 
of Nile tilapia Oreochromis niloticus 
captured from the wild were stocked 
into a designated spawning pond (Jal-
low 2011a). Each of the remaining 19 
production ponds was stocked with 
about 10,000 fish per pond and fed a 
locally produced diet consisting of rice 
bran, peanut cake, wheat flour, locally 
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Fig 4.  Tilapia pond at Sapu showing monk drain at deepest 
end of the pond and the emergency spillway at the shallow 
end of the ponds spilling into a shallow drainage canal.  Photo 
by Famara Darboe.

sourced fish meal, a vitamin 
mix, salt, and palm oil that is 
extruded into pellets and sun 
dried. Fish ponds are main-
tained by local farmers from 
Sapu and fish are sold when 
harvested. Part of the training 
for fish farmers of Sapu is in 
the use of hapa nets for isolat-
ing and maintaining broodfish 
(Figure 5). As of mid-2011 all 
tilapia production from ponds 
is being sold or consumed lo-
cally in the Sapu area. 

In addition to the newly es-
tablished tilapia farm in Sapu, 
a farm in the village of Ka-
nilai (13.178oN, 16.005oW) has 
been growing Nile tilapia since 
2004 as part of the agricul-
tural operations of Gambian 
President Yahya Jammeh. No 
details about production from 
the farm are available but fish 
are marketed locally.

Shrimp Farming
Shrimp farming was intro-

duced to Gambia in 1982 with 
the establishment of a 200-ha 
semi-intensive farm complex 
by the Norwegian-financed 
Scan-Gambia Shrimp, Ltd. on 
the south bank of the lower 
estuary portion of the Gambia 
River near the town of Pirang 
(13.283oN, 16.526oW) (Figure 
6). The farm was designed to 
have a pumping capacity of 
250 m3 per minute and include 
a hatchery with a capacity of 
10 million PLs per month and 
a certified processing facility 
with offices, stores, workshops, 
freezer, cold storage and an ice 
plant to enable export of shrimp 
to Europe (Sadek et al. 2002). 
The farm began production 
operations in 1988 with the im-
portation of giant tiger prawn 
(Penaeus monodon) broodstock 
from Asia. In 1989 and 1990, 
production was about 50 mt 
(FAO 2011). 

Scan-Gambia ceased op-
erations in 1992 due to finan-
cial problems (Jallow 2009), 
but in 2000 the assets of Scan-

Fig. 5.  Hapa nets set up in a fishpond to hold broodstock. 
Photo by Famara Darboe.

Fig. 6.  Satellite image of the Gambian shrimp farm at Pirang 
taken June 7, 2004 while the farm was being operated by West 
African Aquaculture, Ltd.  The Gambia River is at the top of the 
image. Only about 50 ha of the designed total 210 ha farm was 
in use for shrimp farming.  Image by Google Earth.   

Gambia, including ponds, 
hatchery and processing 
facility, were acquired by 
a group of local Gambian 
investors and reincorpo-
rated as West Africa Aqua-
culture, Ltd. (WAAq). The 
WAAq group operated the 
farm using about 50 ha of 
the 200 ha that was origi-
nally constructed, and 
production amounted to 
only about 25 t annually, 
suggesting that the com-
pany was severely under-
capitalized.5 Although the 
farm originally intended 
to supply export markets, 
most of the P. monodon 
shrimp produced was 
marketed locally to tour-
ist-class hotels and restau-
rants. WAAq ceased farm 
operations in 2008 due to 
financial problems. The 
Gambian National As-
sembly has raised concern 
about the farm co-opting 
valuable artisanal fish-
ing grounds in wetlands 
adjacent to the Gambia 
River, but not generating 
any economic activity in 
return.

Culture of Bivalve 
Mollusks

The wild harvest of 
molluscan shellfish in 
Gambian estuaries is 
most often the work of 
women fishers. Mangrove 
oysters Crassostrea tulipa 
(C. gasar) are collected 
mainly from mangroves in 
the lower Gambia River 
estuary. The vast bulk of 
oyster harvesting occurs 
in the Tanbi Wetlands, a 
mangrove-dominated wet-
land complex south and 
west of Banjul along the 
Atlantic coast. The oyster 
season is normally from 
March to June, until the 
onset of the five-month 
rainy season. Greatest 
spatfall occurs during 
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October and November, to-
ward the end of  the rainy 
season, and farmers allow 
about eight months for oys-
ters to grow to market size 
before harvesting begins in 
March. Oysters are gener-
ally marketed as shucked 
meats in small stalls along 
main roads near the estuary 
or in local fish markets. 

Another shellfishery with 
participants that are primar-
ily women is the fishery for 
the common West African 
blood ark clam Senilia (An-
adara) senilis, known locally 
as cockles. Cockles are har-
vested throughout the year 
with the exception of  the 
summer rainy season. Cock-
les are generally harvested 
by hand in sandy bottom 
estuaries along the Atlan-
tic coast. Cockles are most 
frequently cooked whole to 
open the shells and sold in 
local markets as a cooked 
product. 

With both oyster and 
cockle harvesters, shells 
form the basis of  a second-
ary income source when 
used as a feedstock in the 
artisanal manufacture of 
lime or alternatively sold 
and crushed as an additive 
for poultry feed. However, 
piles of  oyster shells are 
found at all oyster process-
ing sites near Tanbi because 
fuelwood for lime produc-
tion is unsustainably man-
aged and market demand for shells 
is far less than supply. In some areas 
of  the upper estuary where the supply 
of  oyster shells is less and fuelwood 
is abundant, lime production is a vi-
brant secondary industry to oyster 
farming (Figure 7).

Early on, the Gambian Depart-
ment of  Fisheries recognized the po-
tential of  molluscan aquaculture as 
an economic development tool for 
the Gambia. During the late 1980s, 
experiments with the culture of  man-
grove oysters Crassostrea tulipa (C. 
gasar) were begun as a collaborative 

Fig. 7.  Small-scale lime production operation in Kartong, 
Gambia.  Empty shells of locally harvested blood ark clams 
are burnt using wood fires to manufacture lime for masonry 
mortar and other uses. Photo by Michael A. Rice. 

Fig. 8.  Spat collector consisting of strings of ceramic tiles 
suspended from horizontal bamboo poles in the Tambi estu-
ary.  This photo taken mid-June 2009 shows considerable 
fouling by tunicates of the genus Mogula.  Photo by Michael 
A. Rice.

project between the Gambian De-
partment of  Fisheries and Dr. Gary 
Newkirk of  the Mollusc Culture Net-
work at Dalhousie University, with 
funding from the International De-
velopment Research Centre (IDRC) 
of  Canada. The project focused on 
using oyster culture technology de-
veloped in Jamaica where mangrove 
poles were used as spat collectors 
(Henderson 1994). Despite this ef-
fort, the harvest of  wild oysters from 
mangrove roots, mostly in the Tanbi 
Estuary near Banjul, provided a suffi-

cient supply to satisfy exist-
ing market demand, so this 
effort also failed to establish 
oyster farming in the coun-
try (Jallow 2009). 

Since 2009, there has 
been renewed interest in the 
culture of  shellfish in Gam-
bia. In recognition that the 
domestic market for oysters 
in Gambia is rather mod-
est and prices obtained for 
shucked oyster meats are 
low (typically 50 Gambian 
Dalasis or about US$2/
kg), effort has been applied 
to the development of  a 
shellfish sanitation program 
based on U.S. Interstate 
Shellfish Sanitation Confer-
ence (ISSC) or European 
Union standards (Jallow 
2011b). The primary aim is 
to boost domestic and inter-
national confidence in the 
sanitary quality of  oysters 
and other shellfish grown 
in Gambian waters, thereby 
increasing demand for these 
products. During the dry 
season, many of  the oyster 
growing areas in the Tanbi 
estuary would be classi-
fied as acceptable using the 
70 MPN per 100 mL or 14 
MPN per100 mL total coli-
form water quality standard 
of  the ISSC (ISSC 2009).

Efforts are also under-
way to use artificial oyster 
spat collectors to determine 
the location and timing of 
oyster spatfall and settle-

ment of  fouling organisms in oyster 
harvesting grounds of  the Tanbi wet-
lands area near metropolitan Ban-
jul. Preliminary data suggest that 
the primary period of  oyster spat-
fall in the Tanbi wetlands is toward 
the end of  the annual rainy season 
in September. Heaviest spatfall oc-
curs in the southern portion of  the 
Tanbi wetlands that remain less sa-
line for longer periods of  time than 
more northwesterly regions of  the 
wetlands. Heaviest recruitment of 
fouling organisms on spat collectors 
occurs in May and June at the end of 
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the seven-month dry season 
(Figure 8).

Pilot experiments are 
underway to incorporate 
simple aquaculture meth-
ods into the daily work ac-
tivity of  women engaged in 
oyster harvesting. During 
the early part of  the oyster 
harvesting season, larger 
oysters of  marketable size 
are mixed among smaller 
oysters that are typically 
discarded during the oyster 
harvest. Rather than sim-
ply discarding the juvenile 
oysters as wasted bycatch, 
fishers are encouraged to 
place smaller oysters into 
a floating basket cage con-
structed of  locally available 
materials (Figure 9). The study 
will evaluate if  culled oysters 
will grow to market size in 
floating gear and if  the prac-
tice is economically feasible 
given the relatively low prices 
of  oysters. Aquaculture might 
provide a more convenient 
supply of  oysters as the sea-
son progresses because oyster 
harvesters are normally forced 
to travel farther as nearby 
market-sized oysters become 
locally depleted.

Other pilot experiments are 
underway to incorporate sim-
ple aquaculture methods into 
the daily routines of  women 
who fish for cockles following 
some of  the procedures long 
used to grow blood ark clams 
Anadara granosa in Malay-
sia (Tookwinas 1983, Broom 
1985). Cockle harvesters in 
the village of  Kartong on the 
southern border of  Gambia 
near southern Senegal have 
selected an intertidal sand flat, 
prepared the site by raking to 
remove predators, and seeded the 
flat (10 cockles/m2) with small (<10 
cm) Senilia senilis seed from adjacent 
seed beds in the Kartong Estuary 
(Figure 10). Information on growth 
and post-transplant mortality is be-
ing collected by the fishers and a 
U.S. Peace Corps volunteer assigned 

Fig. 9.  Gambian oyster fishers deploying experimental oyster 
culture float near their preferred fishing grounds at Kubuneh, 
Gambia. Photo by Emily Nichols.

Conclusion 
Aquaculture in Gambia is 

very much in its infant stage, 
but it holds great promise be-
cause the Gambian people 
value seafood in their di-
ets and there appears to be 
general support by both the 
government and the public 
for fish and shellfish farming. 
Major constraints to aqua-
culture in Gambia appear 
to be scarce and expensive 
access to capital, relatively 
poor transportation and 
shipping infrastructure in 
the country and in the case 
of shellfish, relatively low 
market prices that make gear 

acquisition relatively expensive 
in relationship to the value of 
the cultured crop. The forms of 
artisanal aquaculture that ap-
pear to hold the most promise 
for the country are those that 
can be incorporated into the 
regular routines of existing rice 
farmers, in the case of aqua-
culture of tilapia and other 
freshwater fish, or the routines 
of existing shellfishers, in the 
case of oysters and cockles. Al-
though aquaculture is consid-
ered favorably by the Gambian 
government for its potential to 
build a Gambian export trade 
portfolio, the history of the 
faltering shrimp aquaculture in 
the country over almost three 
decades suggests that a number 
of barriers to business success 
remain in place.

Notes
Department of Fisheries, Animal 
& Veterinary Science, University 
of Rhode Island, Kingston, RI 
02881 USA
2Department of Fisheries, Repub-

lic of The Gambia, 6 Marina Parade, 
Banjul, The Gambia.

3Ba-Nafaa Project, World Wide Fund, 
GIPFZA House, Kairaba Avenue, Fa-
jara, The Gambia

4Based upon an unpublished 1981 manu-
script “Fish Culture in the Gambia: 
Assessment of Problems and a Project 
Proposal” by Daniel Theisen, Crane 

Fig. 10. Woman clam farmer of Kartong with juvenile 
blood ark clams Senelia senilis to be seeded into 
prepared intertidal aquaculture plot. Photo by Casey 
Donohue.

to assist the women with the proj-
ect. The cockle-harvesting women of 
Kartong have noticed that that seed 
densities for S. senilis are very high in 
the estuary and there is considerable 
mortality of  seed before they reach 
about 10 cm in shell length, presum-
ably caused by crowding. 

(Continued on page 71)
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Spawning and larval rearing of goldlined 
seabream, Rhabdosargus sarba on Abu Al 
Abyad Island, United Arab Emirates
oMer M. yousif1, kuMar M. krisHna, bui v. Hung, a-fataH a. aLi and do v. MinH

The goldlined seabream, Rhabdosargus sarba, a carnivo-
rous and euryhaline sparid, is widely distributed in subtrop-
ical and tropical waters throughout the Indo-West Pacific 
including the Red Sea, East Africa, Madagascar, Australia, 
China and Japan (Leu 1994, Mihelakakis and Kitajima 
1995, Radebe et al. 2002). It is a shallow-water species that 
is usually found around reefs with sandy bottoms. In some 
regions of the world, such as the waters of Hong Kong and 
South Africa, the fish is a protandrous hermaphrodite, but 
in other environments, including Western Australia, it is de-
scribed as a rudimentary hermaphrodite (Hesp et al. 2004). 
In the United Arab Emirates (UAE), the fish is a potential 
candidate for aquaculture because it has high commercial 
value in the local market. In the wild, R. sarba spawns from 
early December to late January, when water temperature is 
around 21 °C. We studied the spawning and larviculture of 
goldlined seabream.

Broodstock Acquisition and Spawning 
Broodstock were captured from channels surrounding 

Abu Al Abyad Island during early December 2009 and trans-
ported to the Aquaculture Center where they were imme-
diately given a 0.15 ppm formalin (42 percent) bath for one 
hour, and then placed in 4-m3 indoor fiberglass tanks filled 
with seawater (51 ppt). Two days later, fish were acclimatized 
to hatchery conditions by reducing salinity to 37 ppt over two 
days. After seven days, fish were weighed, measured and can-
nulated with a 2-mm polyethylene cannula. Females were 270 
± 18 g and 23.1 ± 0.6 cm in length, while males averaged 265 
± 16 g and 23.4 ± 0.9 cm. During the acclimation period and 
all through the spawning period, broodstock were fed fresh 
squid and sardines daily to satiation, supplemented with clam 
meat three times per week. Every other day the fresh food was 
fortified with vitamins and oil.

On 12 December 2009, ripe females with average cannu-
lated oocyte diameter of 406 µm and ripe males with run-
ning milt were randomly distributed into three identical 40-
m3 indoor circular concrete tanks at 25 females and 25 males 
in each tank. Fish in one tank (group A) were given a prim-
ing injection of 1000 IU HCG/kg body weight followed 24 
hours later by a resolving dose of 200 µg LH-RHa/kg body 
weight. Fish in a second tank (group B) were given only one 

Fig. 1. Female Rhabdosargus sarba cannulation. 

dose of 1000 IU HCG/kg body weight while fish in the third 
tank (group C) were not injected and left to spawn naturally. 
In group A, spawning occurred 24 hours after the second in-
jection, with a total release of 3,710,000 eggs. The fertiliza-
tion rate in this group was 71 percent. In the second group 
(group B), spawning occurred 48 hours after receiving the 
only HCG injection with a total release of 3,410,000 eggs 
released. The fertilization rate in this group was 66 percent. 
Fish in group C failed to spawn naturally within 36 days 
from 12 December 2009 to 17 January 2010. It is probable 
that handling stress of wild fish during the short period of 
time from acquisition to introduction for spawning inhibited 
the development and final maturation of gonads in group 
C fish.

Every morning, buoyant eggs with a diameter of 920 ± 
1 µm were skimmed from the water surface of the spawn-
ing tanks using a fine dip mesh net (100-µm mesh size). Im-
mediately after egg collection spawning tank bottoms were 
siphoned to remove sinking eggs and 50 percent of the tank 
water was changed. Collected eggs were rinsed with filtered 
seawater, separated and counted using a graduated cylinder 
and transferred into 600 µm cylindrical incubation baskets. 
Incubators were placed in a 5-m3 rectangular fiberglass tank 
that was provided with gentle aeration and continuous gen-
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tle flow of 37 ppt seawater. Water temperature during egg 
incubation was 21.7 ± 0.8° C. Hatching rates attained after 
30-36 hours for group A (55.3 percent) and group B (56.8 
percent) were similar (Table 1).

Larval Rearing
 Hatched larvae, averaging 1.9 ± 0.1 mm in total length, 

were stocked in indoor 4-m3 concrete rectangular larval rear-
ing tanks (LRTs) at 40 larvae/L. Green algae, Nannochlorop-
sis (1.8 million cells/mL), was added to LRTs from day 3 
to day 22 after hatching at a daily rate of 400-600 L/tank. 
Beginning day 3 to day 20 after hatching, larvae were fed 
rotifers (66-146 µm). Rotifers were added to rearing tanks 
twice daily from cultures fed baker’s yeast, Saccharomyces 
cerevisae, plus Nannochloropsis, and enriched six hours 
before feeding to fish larvae with HUFA at 0.25-0.35 mL/
million rotifers. The density of rotifers in LRTs was always 
maintained at 15 individuals/mL. Beginning day 15 until day 
25 after hatching, fish larvae were fed newly hatched and en-
riched Artemia nauplii at 0.5-1 nauplii/mL twice daily. The 
enrichment of Artemia followed the same protocol for roti-
fer enrichment. From day 11 to day 25 after hatching, small-
size (198 µm) artificial feed was served. From day 20 to day 
35 after hatching a medium-size (<200 µm) feed was added, 
and from day 30 until weaning (day 45) larvae were fed a 
larger-size feed (200-300 µm). 

Water exchange in LRTs beginning day 1 after hatching 
until day 33 was carried out at night by flow-through of 37 
ppt seawater. In the first two days after hatching, the daily 
water exchange rate was 60-80 percent and from day 3 to 
day 33 it was 80-100 percent. From day 34 up to weaning 
(day 45), seawater was continuously supplied to provide 200 
percent water exchange per day. During the administration 
of artificial feed, water flow was stopped for 30 minutes. 

Rearing water temperature ranged between 22.5 and 24.0 
°C and the dissolved oxygen was maintained at 5.2 ± 0.2 
ppm. The photoperiod was maintained at 14 h light and 10 h 
darkness. On day 30 after hatching, mortality was observed 
in some LRTs and tests of the dead larvae revealed the pres-
ence of monogenean parasites. All tanks with fish infected 
with this parasite were successfully treated with copper sul-
fate pentahydrate at 0.05 mg/L for seven days. 

After 45 days, all surviving juveniles were harvested. The 
total number of juveniles collected (150,000) amounted to 5.5 
percent survival. The average weight of 45-day juveniles was 
46 ± 35 mg and the average fork length was 1.4 ± 0.4 cm. 

All harvested juveniles were transferred to 40-m3 indoor 
concrete circular tanks for nursing at a stocking density of 
1 fish/L. In the first 25 days the fish were cultured at 37 ppt 

Fig. 2. Female Rhabdosargus sarba.

Table 1. Spawning performance of Rhabdosargus sarba and hatching rates.

Group      Treatment Total eggs No. eggs/kg ♀  fertilized eggs Hatching rate 
  (x 1000) (x106) (x1000)  (%) (%)

A HCG + LH-RHa 3,710 594 71 55

B HCG 3,410 574 66 57

Fig. 3. Male Rhabdosargus sarba with running milt. 

Fig. 4. 406-µm cannulated oocytes.  
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Fig. 8. Rhabdosargus sarba fingerling grading.

and then salinity was increased to the natural level of Abu 
Al Abyad Island (51 ppt) within seven days (2 ppt/day). 
Mortality was recorded during this acclimation period. In 
nursery tanks, fish were fed daily to satiation with sinking 
0.3-0.9 mm fish feed (crude protein 50 percent, crude lipid 
6 percent, crude fiber 6 percent, ash 10 percent, moisture 
11 percent) for 60 days. After the nursing period, fish were 
harvested and the total number collected from the nursing 
tanks (125,685) reflected a survival rate of 84 percent. The 
greatest mortality in this culture phase was caused by mono-
genean parasites in the first week in one of the nursing tanks 
and it was controlled by copper sulfate pentahydrate at 0.05 
mg/L for seven days. 

 All harvested fish were graded using a stainless bowl-
shaped 12-mm mesh sieve and two size groups were ob-
tained. The small size group, averaging 0.4 ± 0.1 g in weight 
and 2.5 ± 0.2 cm in length, amounted to 26 percent of the 
fish harvested and the larger size group, averaging 5.0 ± 1.6 
g and 5.1 ± 0.7 cm in length, amounted to 74 percent of the 
total number harvested. 

Notes
1Aquaculture Center, Abu Al Abyad Island, Department of the 

President’s Affairs, P.O. Box 372, Abu Dhabi, United Arab Emir-
ates, Fax: 00971-2-8839112, E-mail: omeryousif@gmail.com
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Jatropha meal, a promising plant protein 
source in aquafeed development
vikas kuMar1, oLesia gavryLiuk2, aMit kuMar sinHa1, debtanu barMan*3, eef de 
cLercq1, apu das4 and sagar c. MandaL5

Jatropha curcas (L.) (physic 
nut) is a multipurpose, drought 
resistant shrub or small tree that 
normally reaches a height of 3-5 
m, but can reach a height of 8-10 
m under favorable conditions 
(Figures 1, 2 and 3). It is found 
throughout the tropics and sub-
tropics. It is a hardy plant, thriv-
ing on degraded land and requir-
ing limited amounts of nutrients 
and water. Its seeds have been ex-
tensively investigated as a source 
of oil. The Jatropha kernel meal is 
obtained after the oil is extracted. 
The seed kernel contains about 60 
percent oil that can be converted 
into biodiesel fuel of high qual-
ity upon trans-esterification and 
used as a substitute for diesel fuel 
(Makkar et al. 2007). The kernel 
meal obtained after oil extraction 
is an excellent source of nutrients, 
containing 58 to 65 percent crude 
protein (Kumar et al. 2010a). Furthermore, the levels of es-
sential amino acids (EAA), except lysine, are higher in Jat-
ropha kernel meal than soybean meals (Kumar et al. 2010a). 
However, the presence of high levels of antinutrients (Mak-
kar et al. 2008) and major toxic components (Makkar et al. 
1997) restrict their use in fish feed. 

Subsequently, besides being a source of oil, J. curcas also 
provides a meal that serves as a highly nutritious and eco-
nomic protein supplement in animal feed, provided the tox-
ins are removed (Becker and Makkar 1998). Jatropha plant 
can yield up to 5 t seeds per year from one ha of plantation, 
which can produce approximately 1 t of kernel meal rich in 
protein (Makkar and Becker 1997). This means that there is 
a possibility of producing enough Jatropha kernel meal to 
meet the growing demand from aquaculture. 

Constraints in Using Jatropha Kernel Meal
Toxic and non-toxic genotypes of J. curcas have been re-

ported in cultivation practices (Makkar and Becker 2009). 
The nontoxic genotype exists only in Mexico, while the toxic 

Fig. 1. A mature Jatropha curcas tree. 

genotype is prevalent throughout 
the rest of the world. The use of Jat-
ropha meals prepared from the toxic 
genotype in animal nutrition is lim-
ited because of the presence of an-
tinutritional components and toxic 
factors (Table 1). The major antinu-
trients are trypsin inhibitors, lectin, 
and phytate. The main toxic fac-
tor present is phorbol esters (PEs), 
which are highly toxic to animals. 
The levels of trypsin inhibitor and 
lectin are similar to those in soybean 
meal and the level of phytate (9.4 
percent) is approximately three times 
greater than in soybean meal. The 
kernel has greater crude protein, 22-
28 percent and oil content of 54-58 
percent (Makkar et al. 1998). Fur-
thermore, it was shown that the force 
feeding of Jatropha meal containing 
PEs displayed toxicity in mice (Li et 
al. 2010) rats and goats (Goel et al. 
2007). Similar results have also been 

reported in fish (Becker and Makkar 1998). The major or-
gans affected were intestines, liver and kidney. 

On the other hand, nontoxic J. curcas kernels are also rich 
in oil (55-58 percent) and protein (26-29 percent) (Makkar and 
Becker 2009). The nontoxic genotype does not have phorbol 
esters but contains the trypsin inhibitors, lectin and phytate, at 
the same levels as the meal from the toxic genotype. However, 
the nutritional value of meal obtained from the nontoxic geno-
type, after heat treatment, is very high as evaluated in fish (carp) 
and rats (Makkar and Becker 1999). Thereby, it could be an 
excellent protein-rich ingredient in feeds of ruminant and mo-
nogastric animals, including fish. However, removal of toxins 
to a safe level is, therefore, necessary before Jatropha meal can 
be used as animal feed.

Chemical Composition of Jatropha Meal 
The content of crude protein (CP), lipid, ash, neutral de-

tergent fiber (NDF), total sugar and starch in Jatropha ker-
nel meal are similar for the two genotypes (Table 2, Makkar 
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Fig. 2. From left to right, a Jatropha tree showing ripe fruit, a cross-section 
through ripe fruit, Jatropha seeds.

Fig. 3. Steps in the processing of Jatropha seeds 
indicating yields at each step. 

Table 1. Levels of anti-nutritional and toxic factors in Jatropha curcas kernel meal and soybean 
meal.

Anti-nutritional/toxic components    Jatropha curcas  Soybean meal
 Toxic  Nontoxic 

Phorbol esters (mg/g kernel) 2.79  ND NA

Total phenols (% tannic acid equivalent) 0.36  0.22 NA

Tannins (% tannic acid equivalent) 0.04  0.02 NA

Phytates (% of dry matter) 9.40  8.90 1.5

Nonstarch polysaccharides (% of dry matter) 16  13.6 14

Saponins (% diosgenin equivalent) 2.6  3.4 4.7

Trypsin inhibitor (mg trypsin inhibited/g sample) 21.3  26.5 23.9

 Lectin activity (1/mg of meal that produced  51-102  51-102 90-108

ND, Not detected; NA, Not available. 
Makkar and Becker 2009 and Makkar and Becker 1997.

Table 2. Chemical composition, sugar and starch contents (%) of Jatropha kernel meal from 
toxic and non-toxic genotypes and soybean meal.

 CP Lipid Ash NDF Total sugar Starch

Toxic 60.3-62.4 1.5 9.6 18.2 7.7-10.3 9.4-11.2

Non-toxic 60.2-63.8 1.0 9.8 18.0 10.2 10.6

Soybean meal 47.4 2.8 7.1 14.9 NA NA

Fish meal 62.0 6.5 NA NA NA NA

Makkar and Becker 2009, Zdunczyk et al. 1999 and Alvarez 2007.

and Becker 2009). The crude protein content of Jatropha 
meal is greater than soybean meal, but similar to fishmeal 
(Table 2). The amino acid composition of the toxic and non-
toxic Jatropha meal and soybean meal is shown in Table 3. 
The levels of essential amino acids, except lysine, are greater 
in Jatropha kernel meal than soybean meal and castor bean 
meal (Makkar et al. 1998, Kumar et al. 2010a).

Detoxification Methods for Jatropha Meal
In the past two decades, several studies have been carried 

out for the complete detoxification of Jatropha kernel meals. 
Ionizing radiation treatment could serve as a possible pro-
cessing method for inactivation of certain antinutrients and 
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toxic components, such as PEs, phytates, saponins and lec-
tins (Siddhuraju et al. 2002). Heat labile antinutrients, pro-
tease inhibitors and lectins are easy to inactivate by moist 
heating (Aderibigbe et al. 1997, Aregheore et al. 2003). But, 
it is not possible to destroy PEs by heat treatment because 
they are heat stable and can withstand roasting a tempera-
ture as high as 160 o C for 30 min. However, it is possible 
to reduce their concentration in the meal by chemical treat-
ments, which are not feasible economically (Aregheore et al. 
2003). Furthermore, Martınez-Herrera et al. (2006) studied 
the effect of various treatments, such as hydrothermal pro-
cessing techniques, solvent extraction, solvent extraction 
plus treatment with NaHCO3 and ionizing radiation to inac-
tivate the antinutritional factors in Jatropha kernel meal of 
both toxic and nontoxic varieties from different regions of 
Mexico; but, unfortunately, were unable to remove PEs from 
Jatropha kernel meal. Recently, a method for detoxification 
of Jatropha kernel meal has been developed (Makkar et al. 
2008). This detoxification method is based on extraction of 
PEs using organic solvents and inactivation of trypsin in-
hibitors and lectin by heat treatment.

Role of Detoxified Jatropha Kernel Meal (DJKM) 
in Aquafeed

Aquaculture is growing rapidly at an average rate of 8.9 

Table 3.  Amino acid composition (g kg-1) of Jatropha kernel meal (J-Toxic and 
J-nontoxic), detoxified Jatropha kernel meal (DJKM) soybean meal 
and fish meal

Amino acids J-Toxic J-Non-toxic DJKM Soybean meal Fish meal

Essential (g kg-1)

Arginine   73.7 80.6 69.7 44.5 35.3

Histidine  20.6 19.2 21.7 15.6 17.7

Isoleucine   28.1 30.0 26.7 28.8 22.8

Leucine  43.2 46.2 46.7 48.2 41.6

Lysine   26.1 21.1 23.3 38.0 40.9

Phenylalanine  27.2 30.2 30.4 30.2 21.8

Methionine   11.9 11.0 10.6 7.6 16.0

Threonine    24.4 22.3 22.0 23.5 23.0

Tryptophan  8.2 ND 7.1 7.8 4.9

Valine  32.3 33.5 31.6 28.6 29.3

Cystine  14.0 9.8 2.3 10.6 4.3

Non-essential (g kg-1)

Alanine  32.5 30.8 29.4 26.4 43.3

Asparginine  59.3 62.0 68.7 70.6 60.5

Glycine  30.7 28.8 31.5 25.0 59.8

Glutamine  91.7 99.4 112.1 105.6 79.4

Proline  31.0 23.7 32.2 30.3 36.9

Serine  30.0 30.1 30.6 35.4 25.5

Tyrosine  18.6 23.6 18.8 21.1 14.8

Makkar and Becker 2009 and Kumar et al. 2010a *ND: Not detected

percent per year, compared with only 1.2 percent for capture 
fisheries and 2.8 percent for terrestrial farmed meat produc-
tion systems (FAO 2007). Fishmeal is still a preferred protein 
source for fish diets corresponding to its high protein qual-
ity to meet the intensification of aquaculture systems (NRC 
1993). However, because of the high cost and limited avail-
ability in many countries (Naylor et al. 2000), the replacement 
of fishmeal by plant protein sources is of great interest. De-
toxified Jatropha kernel meal (DJKM) is a novel and highly 
nutritious plant protein source. Except for lysine, the level of 
EAA contents in DJKM was either greaterer or comparable 
to fishmeal and soybean meal (Kumar et al. 2010a; Table 3), 
indicating that the material can be used as excellent fishmeal 
and soybean replacer in fish and shrimp diets. 

Up to 50 percent of fish meal could be replaced by 
DJKM in common carp (Cyprinus carpio L.), rainbow trout 
(Oncorhynchus mykiss) and whiteleg shrimp (Litopenaeus 
vannamei) without influencing the growth rate and nutri-
ent utilization (feed conversion ratio and protein efficiency 
ratio) (Kumar et al. 2010a,b); Harter et al. 2010, Harter et 
al. 2010). Growth performance and nutrient utilization of 
shrimp groups fed DJKM at 50 percent replacement of fish-
meal protein were better than that of the fishmeal fed group 
(Table 4). The higher growth response of  the DJKM fed 

(Continued on page 42)
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group could be because of the higher protein availability from 
the DJKM compared to fishmeal, which enhances the feed 
utilization. There is a possibility of synergistic effects between 
fishmeal and DJKM; both were complementary to each other 
in their amino acid composition. Therefore, DJKM protein in 
combination with fishmeal protein probably induces excellent 
nutrient and energy digestibility and leads to higher growth 
performance and nutrient utilization in shrimp. 

Table 4.  An overview of the result of replacing fishmeal with Jatropha-based feed ingredients in fish and shrimp 
diets 

Jatropha-based Species Inclusion  CP in  Experimental Fishmeal  Biological effects References
ingredient  level in  diet (%) period protein re-
  diet (%)  (weeks) placed in
     diet (%)

Detoxified Common  24 and 36 38 8 50 and 75 At up to 50% replacement Kumar et 
jatropha kernel carp)     level growth performance and  al., 2010b, 
meal (DJKM) (Cyprinus      nutrient utilization were similar Kumar et al.  
 carpio L.     to those in control; >50% re- 2011a
      placement level decreased per-
      formance. Inclusion of DJKM in 
      the diets did not change blood 
      metabolite, ion and enzyme 
      levels. Also no adverse histopath-
      ological changes were observed. 

DJKM Common 38 38 6 75 Growth performance, nutrient  Kumar et al.  
 carp     utilization, oxygen consumption 2010c
      and metabolic rate were similar 
      to those in control. 

DJKM Common 25 and 31 38 16 50 and 62.5 No significant difference in Kumar,   
 carp     growth rate among the groups. 2011

DJKM Rainbow 34 and 43 45 12 50 and 62.5 Growth rate and feed efficiency Kumar et al. 
 trout (On-     or 50% replacement group  2011b 
 corhynchus     were similar to those for control; 
 mykiss)     62.5% replacement significantly 
      depressed these parameters.

DJKM White leg 12.5 and 25 35 8 25 and 50 Shrimp on DJKM-based diet Harter et al. 
 shrimp      grew better than control;  2011
 (Litopenaeus     nutrient deposition in the body 
 vannamei)     was similar; hypo cholester-
      ol aemic effect observed in fish
      fed DJKM-based diet.

Detoxified Common 20 and 30 38 12 50 and 75 Growth performance, nutrient 6

jatropha protein carp     utilization and digestive enzyme 
isolate (DJPI)      activity were similar to those in 
      control, and improved protein 
      utilization in DJPI-fed group. 
      Blood parameters were in the 
      normal range. Also no adverse 
      histopathological changes were observed

Heated Jatropha Nile tilapia  20 and 25 36 12 50 and 62.5 No differences in growth rate,  Makkar et 
platyphylla (Oreochro-     feed utilization, oxygen con- al. 2011, 
ketnel meal  mis niloticus L.)    sumption and average meta-  Akinleye et 
(H-JPKM)      bolic rate among the H-JPKM al. 20117

      diets and control.  

A study was conducted to verify the biochemical, hae-
matological and histological responses of adding DJKM to 
common carp and rainbow trout diets (Kumar et al. 2010b, 
d). Blood parameters, such as RBC and WBC counts, he-
moglobulin and hematocrit concentrations, blood protein 
(albumin and globulin), blood ions (calcium, phosphorus, 
potassium and sodium), total bilirubin and total blood urea 
nitrogen were in the optimum range. There were no histo-

(Continued from page 40)
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pathological changes in the intestine or liver. These studies 
confirm that replacing fishmeal with DJKM has no adverse 
effect on the biochemical haematological and histological 
parameters in common carp and rainbow trout.

Conclusions
Jatropha curcas is a biofuel plant and its seeds are rich in 

oil and protein. Jatropha seed cake and kernel meal, a by-
product of Jatropha biodiesel manufacture, is rich in protein 
and can be used in aquafeeds. However, it must be detoxi-
fied before incorporation into fish and shrimp diets because 
of the presence of anti-nutritional and toxic components. 
Detoxified Jatropha kernel meal can be used as one of the 
promising fish meal replacers in the diets of common carp, 
rainbow trout and whiteleg shrimp. It can replace 50 percent 
of fishmeal protein without sacrificing the growth perfor-
mance, nutrient utilization and health of fish and shrimp. 
These studies enlarge the number of plant protein sources 
that can be used in aquafeeds, and opens new market op-
portunities for the use of a new feed resource. Additional 
studies with DJKM-based diets on a larger scale and under 
commercial pond conditions are warranted. 
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Australasian 
Aquaculture Award 
winners announced 

The inaugural Australasian Aquaculture Awards, spon-
sored by the Global Aquaculture Alliance Best Aquaculture 
Practices (GAA-BAP) certification program at Australasian 
Aquaculture 2012, recognized individuals and businesses that 
apply innovative and sustainable practices that will have lasting 
impacts on Australasian aquaculture over the next 10 years. 

Presented on 2 May by BAP Vice President of Develop-
ment Peter Redmond, during the “Articulture” event at Aus-
tralasian Aquaculture Conference in Melbourne, Australia, 
the awards rewarded aquaculture excellence in several cat-
egories. 

Tassal Operations Pty. Ltd. won the Aquaculture Produc-
tion Award. The largest vertically integrated Atlantic Salm-
on producer in Australia, Tassal provides fish predominant-
ly for the regional market. With sustainability at the core of 
all operations, it consulted varied stakeholders in preparing 
its first annual sustainability report – the first released by an 
Australian aquaculture company.  

Tassal’s Environment and Sustainability team is focused 
on addressing environmental and social issues, and “what 
we learn we share,” by being, amongst other things, active 
in the Tasmania Salmon Growers Association. Tassal were 
awarded an AUD 25,000 grant to develop an e-learning pro-
gram and mentoring opportunities for students interested 
in aquaculture as a career and they have a clear strategy for 
workforce development. 

The Fish Oil Replacement in Australian Aquafeed project 
won the Aquaculture Science Research Award. Project work 
by Prof. Chris Carter (University of Tasmania), Dr. David 
Francis (Australian Institute of Marine Science), Dr. Peter 
Nichols (CSIRO Food Futures Flagship) and Dr. Giovanni 

(Continued on page 61)
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Water quality requirements for culture 
of the green sea urchin, Strongylocentrotus 
droebachiensis 
atLe Mortensen1*, sten i. siikavuopio1 and pHiLip jaMes1

Sea urchin roe is a highly prized seafood in a number of 
countries and is considered one of  the most valuable sea-
foods in the lucrative Japanese market (Hagen 1996). De-
mand for high quality sea urchin gonad over the last three 
decades has led to extensive exploitation of  wild sea urchin 
populations all over the world, with resulting over-fishing 
and declining fisheries stocks in many countries (Andrew 
et al. 2002). This, together with the global increase in the 
popularity of  sushi, has led to increased interest in aquac-
ulture of  a range of  sea urchin species, including the cool-
water species Strongylocentrotus droebachiensis (Figure 1). 
This species has a broad arctic-boreal distribution and is 
found across the whole northern hemisphere from latitudes 
as high as Greenland in the north and as far south as Cape 
Cod on the east coast of  the USA, southern Scandanavia, 
northern UK, Oregon on the west coast of  the USA, and 
northern Japan. Because of  its wide distribution and excel-
lent taste and market value, there has been extensive re-
search on the biology, ecology and fisheries of  the species. 
More recently it has also been identified as one of  the sea 
urchin species to have the best potential for aquaculture. 
Consequently much of  the research investigating various 
aspects of  sea urchin aquaculture has focused on S. droe-
bachiensis.

The aquaculture of  any new species presents a range 
of  challenges. In addition to having a suitable feed, either 
natural or manufactured, and available holding system 
technology, it is essential to understand the environmen-
tal requirements of  any cultured species. In this article, we 
summarize some of  the research that has been carried out 
on water quality requirements of  S. droebachiensis related 
to the potential culture of  this species.

Sea Urchins and Aquaculture
Sea urchins are ancient and primitive organisms that lack 

many of the organs found in higher animals (Figure 2). They 
have no specialized respiratory system or circulatory system, 
no heart, no blood vessels and no oxygen binding molecules 
in their body fluids, nor do they have any specialized excre-
tory organs. Basically, sea urchins consist of a mouth, a di-
gestive system or gut tube, gonads, also known as the roe, 
and a primitive nervous system, all surrounded by a hard, 
calcareous shell, also known as the test. On the outside of 

Fig. 1. The green sea urchin Strongylocentrotus droebachien-
sis (Photo by Vidar Mortensen).

the test are spines, podia (tube feet) and some gripping de-
vices called pedicellaries (Figure 2). 

The limited number of specialized organs means that sea 
urchins have a limited capacity to regulate their internal bod-
ies when faced with variations in the external environment. 
This means they are, to a much greater extent than higher 
animals, at the mercy of their surroundings. Because the 
composition of their body fluids, particularly the ceolomic 
fluid found in the cavity inside the test, mirrors the composi-
tion of surrounding seawater, sea urchins are known as con-
formers and are generally intolerant to changes, rather than 
living in stable environments where the conditions remain 
relatively constant. For example, sea urchins have a very 
limited ability to osmoregulate and consequently are never 
found in fresh water (Barker and Russell 2008). In fact, sea 
urchins can be used as indicator organisms for environmen-
tal degradation, such as water pollution, in much the same 
way as canaries were used to detect poisonous gases in coal 
mines in earlier days (Meriç et al. 2005). 

Because of the sensitivity of sea urchins to changes in 
water quality and the inability to regulate their internal en-
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Fig. 2. The anatomy of a sea urchin. (Photo by Vidar Mortensen, drawing by 
Oddvar Dahl.)

vironments, it is crucial to understand the water quality tol-
erance limits of sea urchins in aquaculture holding systems. 
This is particularly important for intensive culture of sea 
urchins, where levels of harmful substances can be elevated 
well above concentrations that normally occur in natural en-
vironments.

The Importance of Oxygen and Water Movement
The single most important water quality parameter in any 

aquaculture holding system is a continuous and sufficient 
supply of oxygen, inasmuch as this is a prerequisite for the 
survival, growth and well-being of all animals. In most spe-
cies of sea urchins, oxygen is taken up by five pairs of exter-
nal gills that are thin-walled projections of the body cavity 
located around the mouth. In other species, including S. droe-
bachiensis, oxygen is taken up through the podia and trans-
ported internally through radial water canals that connect all 
podia (Figure 2). The movement of water inside radial water 
canals is facilitated by cilia. Because of the lack of respiratory 
pigments, oxygen is transported only as dissolved gas, giving 
a transport capacity 200 times lower than that of fish blood 
(Steen 1965). The internal organs of sea urchins are bathed 
in the coelomic fluid and receive oxygen from this fluid by 
simple diffusion, although the movement of oxygen may be 
enhanced by cilia on the inside of the coelomic cavity. 

The uptake of oxygen and amount of dissolved oxygen 
(DO) in the coelomic fluid of sea urchins is closely related 
to ambient DO concentration in the surrounding seawater. 
Thus, sea urchins are oxygen conformers and oxygen up-
take may be restricted by insufficient oxygen supply (Giese 
at al. 1966, Johansen and Vadas 1967, Webster and Giese 
1975, Spicer 1995). Accordingly, Siikavuopio et al. (2007b) 
found that gonad growth of S. droebachiensis was strongly 
affected by oxygen saturation in the ambient water. When 
oxygen saturation was reduced from 100 percent to 63 and 
42 percent, gonad growth was reduced by 39 and 48 percent, 
respectively. Although not conclusive, these data suggest a 
linear relationship between growth performance and oxygen 
saturation. This effect has also been described in another 

echinoderm, the sand dollar Mellita quinquiesperforata 
(Lane and Lawrence, 1979). 

A linear correlation between growth performance and 
oxygen saturation is not surprising for animals that lack oxy-
gen binding compounds in their body fluids. With most tel-
eosts, on the other hand, growth is not affected until oxygen 
saturation falls below a certain threshold level, often around 
70 percent (Jobling 1994), as a result of the oxygen bind-
ing characteristics of fish hemoglobin. Above the threshold 
level the oxygen carrying capacity of hemoglobin is fully ex-
ploited and oxygen uptake and growth are independent of 
oxygen saturation. 

The relationship between growth and oxygen saturation 
in sea urchins is also influenced by water movement. In the 
wild, sea urchins are often larger and have greater roe con-
tent in areas of  high water movement (current) compared 
to those found in areas of  lower water movement (James 
et al. 2007). Water movement increases the gonad growth 
of  captive adult Evechinus chloroticus (James 2006) and 
somatic growth of  juvenile S. droebachiensis. Increased 
growth is thought to be a result of  improved oxygen avail-
ability. However, whether this is caused by an increase in 
oxygen present in seawater (greater DO concentration) or 
a greater flow of  water across the surface of  the animal 
(where most oxygen uptake occurs) is unclear. When ex-
posed to very low flow rates, the oxygen consumption of  S. 
droebachiensis increases dramatically compared to the oxy-
gen consumption of  urchins held in very high flow rates. 
This indicates that urchins actively extract oxygen, as much 
as is possible for a sea urchin, from the surrounding seawa-
ter when flows are low and the metabolic cost reduces their 
growth. Further research is required to fully understand 
the complex interaction between oxygen consumption and 
water movement in sea urchins but it is clear that any sea 
urchin aquaculture holding system should provide high 
dissolved oxygen levels and a means of  ensuring sufficient 
water movement across the surface of  animals held within 
the system to allow optimal access to dissolved oxygen 
available in the seawater supply. 
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Effects of Metabolic Waste Products - CO2, NH3 
and NO2

Carbon dioxide
In intensive aquaculture, particularly those relying on 

partial or full recycling of  seawater within the production 
system, the waste compounds that cause most negative ef-
fects on growth and development are normally CO2 and 
NH3 (in that order). During aerobic metabolism CO2 is pro-
duced at a rate of  0.7 to 1.0 gram per gram O2 consumed. 
The effect of  CO2 on sea urchins and other marine organ-
isms has recently attracted attention due to ocean acidifica-
tion caused by anthropogenic CO2 release. It is predicted 
that the surface pH of  the sea will drop by 0.4 units to 
7.6 - 7.8 by 2100. Several studies have demonstrated that 
reducing pH to such values will have negative effects on 
fertilization and development of  sea urchin larva. Down-
regulation of  genes (reduced activity of  enzymes) involved 
in calcification and metabolism has also been demonstrat-
ed (Moulin et al. 2011). 

In contrast, the effect of  CO2 on sea urchin culture has 
not been adequately studied. Test growth of  Paracentrotus 
lividus is completely inhibited when the partial pressure of 
CO2 is elevated five to nine times above the normal level in 
seawater (Grosjean et al. 1998). An increase in CO2 concen-
tration from 1.1 to 18.1 mgL-1 leads to a 67 percent decrease 
in gonad growth of  adult S. droebachiensis (Siikavuopio et 
al. 2007a), a decrease attributed to reduced feed intake and 
less efficient feed conversion. The explanation for the nega-
tive effect of  increased CO2 on test growth is probably that 
CO2, through its pH effect, impairs the precipitation of  bi-
carbonates into calcium carbonate, which is the main con-
stituent of  the sea urchin test. Fortunately carbon dioxide 
is easily stripped from water in recirculating aquaculture 
systems using trickle towers or other methods to degas the 
CO2. In flow-through or sea-based systems, CO2 is unlikely 
to be an issue in the immediate future. 

Ammonia
Ammonia excretion by sea urchins has been the subject 

of  several ecology-oriented articles, but there is a pau-
city of  studies looking at the effects of  elevated ammonia 
concentration on sea urchin growth. Sea urchins excrete 
several nitrogenous compounds, but the main excretory 
product is ammonia (NH3). The release of  NH3 varies 
according to the substrate used for energy metabolism. 
Brockington and Peck (2001) found an O:N ratio of  7 
in Sterechinus neumayeri during the onset of  the austral 
summer when sea urchins use protein as their main source 
of  energy. A ratio of  the same magnitude may be expected 
for cultured sea urchins, which are fed diets with higher 
protein content than normal natural-food diets. As is the 
case with CO2, accumulation of  NH3 is generally not a 
problem in flow-through culture systems but may be a 
problem in recirculating systems, depending on the degree 
of  water reuse and the ammonia tolerance of  the specific 
urchin species. Siikavuopio et al. (2004a) tested the effects 
of  different ammonia concentrations on gonad growth 

of  S. droebachiensis, and found that gonad growth was 
significantly reduced at an un-ionized ammonia (UIA) 
concentration of  16 µg/L during a 43-day experiment. At 
UIA levels of  32 and 68 µg/L, mortalities of  45 and 76 
percent were recorded. A surprising result in this experi-
ment was that feed intake was not significantly affected by 
increasing concentrations of  UIA, meaning that reduced 
gonad growth was mainly the result of  reduced feed con-
version efficiency. S. droebachiensis has a low tolerance 
for UIA compared to many cultured marine fish species 
and invertebrates. 

Nitrite and Nitrate
In recirculating systems, ammonia is oxidized to nitrite 

(NO2) and then nitrate (NO3) by autotrophic bacteria in bio-
filters. While nitrate is a relatively non-toxic compound, ni-
trite may cause problems if  it accumulates. Gonad growth of 
S. droebachiensis is significantly impaired at a NO2-N con-
centration of 0.55 mg/L, which is relatively low compared 
to many species of fish and invertebrates (Siikavuopio et al. 
2004b). As occurs with ammonia, increasing levels of nitrite 
does not affect feed intake, and there was no mortality dur-
ing the 42-day experiment, where the highest concentration 
of NO2-N tested was 10 mg/L. 

Phosphate
Phosphorus is normally found in minute quantities 

in aquatic environments. In natural seawater, dissolved 
phosphorus, which exists predominantly as inorganic 
phosphate, is usually found at very low (< 1 uM) concen-
trations (Barr et al. 2008). Concentrations of  phosphate 
may be greatly elevated in intensive aquaculture systems, 
particularly those where there is very little water replace-
ment and where phosphate-rich manufactured feeds are 
used. However, there is limited research on the specific 
effects of  elevated phosphate on any aquaculture species. 
A phosphate concentration of  1.25 µM has an inhibitory 
effect on the rate of  in vitro calcium carbonate crystalliza-
tion in both the marine bivalve Rangia cuneata and the 
freshwater gastropod Helisoma duryi over a 24-hr period 
(Bernhardt et al. 1985). Exposure to elevated phosphate 
concentration for one month has an inhibitory effect on 
shell growth and causes increases in mortality in both 
species. Exposure of  the sea urchin Lytechinus variegates 
to phosphate concentrations greater than 1.6 mg/L (17 
µM) has a negative effect on urchin growth and righting 
behavior and inhibits feeding, fecal production and nu-
trient absorption (Böttger et al. 2001). There is a signifi-
cant negative impact on growth (both shell length and wet 
weight) when small abalone Haliotis iris are exposed to 
phosphate concentrations greater than 10.7 µM and for 
larger abalone when exposed to phosphate concentrations 
greater than 60.9 µM. However, elevated phosphate con-
centrations do not significantly impact abalone survival 
(James and Barr 2010). Inorganic phosphate should be 
maintained below 10.7 µM to optimize growth of  abalone 
in intensive aquaculture systems and this recommenda-
tion likely applies to other benthic invertebrates such as 
sea urchins. 
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Summary
Sea urchins require high-quality seawater to develop 

and grow optimally in culture, as indeed do many aqua-
culture species. The tolerance limits of  S. droebachiensis 
for the water quality parameters described above appear 
to be as narrow as those for salmonid fishes, which are 
known to have stringent water quality requirements. Poor 
water quality in production systems may have negative ef-
fects on sea urchin culture performance: reduced growth 
rate, reduced feed conversion efficiency, increased mortal-
ity and down-regulation of  different genes involved in test 
formation and metabolism. However, the lack of  response 
to any of  the water quality variables described here on 
feed intake of  sea urchins is remarkable. It indicates that 
sea urchins have poorly developed appetite regulation 
when fed to excess and are able to ingest feed far in ex-
cess of  nutritional and energetic requirements. Sea urchin 
farmers should be aware that ad libitum feeding of  sea 
urchins under sub-optimal culture conditions can result 
in overfeeding. In turn, this will have a detrimental effect 
on water quality and easily lead to a negative spiralling ef-
fect with increased overfeeding and a progressive decline 
in water quality. Ironically it appears that sea urchins are 
well adapted to being fed at very low feed levels. Recent 
research suggests that restricted feed rates interspersed 
with periods of  no feeding may provide the optimal feed-
ing regime for cultured sea urchins.

Recommendations    
Although studies that have been conducted on the effects 

of reduced water quality on sea urchin growth and mortality 
are not sufficient to set out exact tolerance limits for vari-
ous water quality parameters, some recommendations for 
sea urchin farmers can be made. These mostly apply to S. 
droebachiensis, which is the most studied species with refer-
ence to aquaculture. They are also most relevant for hold-
ing systems where water supply is limited (e.g., recirculat-
ing systems), particularly those systems with limited water 
renewal. 

Oxygen
A sufficient supply of  oxygen is most important to 

sustain optimal growth of  sea urchins in culture. Growth 
is proportionally reduced with decreasing oxygen satu-
ration. Therefore, water should be fully saturated with 
oxygen to avoid reduced growth. This can be achieved by 
supplying sea urchins with large amounts of  fully satu-
rated water, aerating tank water, or supersaturating inlet 
water with oxygen. Moderate oxygen supersaturation 
does not harm sea urchins, so this represents a feasible 
way of  ensuring optimal oxygen conditions without us-
ing too much water. Water movement increases oxygen 
availability for sea urchins. Holding systems that create 
water movement across the surface of  all urchins held in 
culture tanks would be advantageous. This may be possi-
ble by using gravity, aeration, or by creating water waves 
in culture tanks, as used in abalone culture systems in 
several countries. 

Carbon dioxide
In cases where water flow is reduced, it is possible that 

CO2 accumulates to undesirable levels. CO2 accumulation 
may be controlled by CO2-stripping through aeration. Si-
multaneously this will enrich water with oxygen in the case 
of undersaturation. 

Ammonia and nitrite
Accumulation of ammonia and nitrite to toxic levels 

may occur in recirculating systems when biofilters do not 
function properly. Good design and management of biofil-
ters is essential. Bacteria in biofilters also produce acid and 
contribute to reduced pH, together with CO2. Adding cal-
cium carbonate to the water can increase pH and buffering 
capacity. Adding calcium may also prevent calcium deple-
tion from slowing down the calcification of sea urchin tests. 
However, no experiments have been done to evaluate if  the 
addition of calcium has any positive effect on sea urchins 
under intensive culture conditions. 

Phosphate
In the absence of more specific data for sea urchins, and 

based on data available for other benthic invertebrates, the 
level of inorganic phosphate should be maintained below 10 
µM. This is relatively easy to achieve in flow-through land-
based systems but recirculating systems with limited water 
exchange should regularly monitor phosphate levels. Moni-

(Drawn by Oddvar Dahl)
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toring should be done at different times of the day because 
phosphate levels within the system can change dramatically 
following events such as feeding.

General 
In general, hygienic conditions should be maintained 

in holding facilities for sea urchins and this should be a 
priority in system design. Animals should be physically 
separated from feed waste and feces on the tank floor us-
ing perforated false bottoms in tanks. This configuration 
also facilitates cleaning tank bottoms and avoids negative 
water quality effects from organic sediments. Water quality 
can become an issue in sea urchin farming when the supply 
of  water is restricted, particularly in recirculating systems 
with minimal replacement of  seawater. 

Most of  the potential problems outlined in this article 
can be avoided by keeping sea urchins in well-designed 
sea-based facilities, where natural water currents provide 
animals with sufficient water to prevent the occurrence 
of  poor water quality. The information presented in this 
article provides guidelines for understanding some of  the 
water quality parameters that should be considered in the 
management of  land-based aquaculture holding systems 
and also provides some recommendations for designing 
such systems.

Notes
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Economic fishery from Procambarus 
introductions into Spain
aLbert p. gaudé1   

Crayfish consumption by eastern Europeans dates back 
to antiquity and has an illustrious role in many cultural fes-
tivities. Historically, the supply of crayfish into those markets 
was harvested from local streams, ponds and lakes. With the 
increased demand for crayfish in modern times, these supplies 
were increasingly harvested beyond sustainable limits. Sur-
face waters were also impacted by anthropogenic pollution, 
further reducing the reproductive capacity of crayfish brood 
stocks.

In an effort to satisfy the increased culinary demand and 
reduced supply, authorized and clandestine introductions of 
crayfish from various regions of Europe and abroad began 
to occur. Along with some of these crayfish introductions 
came the fungal ‘crayfish plague’ Aphanomyces astaci. Be-
lieved to have entered during the late 1800s on the north-
ern Mediterranean coast with introductions of the North 
American species Orconectes, this disease spread throughout 
north-central Europe and eventually into the eastern Medi-
terranean crayfish populations of commercially harvested 
Astacus in the 1980s.

With the sequential collapse of traditional European cray-
fish sources, international trade of crayfish was dynamic. 
Spain’s 1979 import trade of crayfish from France of 42 t 
and resultant monetary deficit drew the attention of fishery 
economists of the post-Franco Spanish government. Between 
1965 and 1972, Spanish discussions continued on possible so-
lutions to this crayfish trade deficit. After lengthy evaluations 
of similar situations, a decision was made in 1972 to intro-
duce the North American crayfish, Procambarus clarkii, into 
Andalucía, southern Spain (Habsburgo-Lorena 1978).

Fishery Development
After an initial quarantine period of P. clarkii shipments 

in Spanish government ponds near Badajoz, actual com-
mercial introductions were made in 1974 into the 30,000 ha 
rice-field area known as Las Marismas, immediately south-
west of urban Seville. As expected, the similarity of the re-
claimed tidal area of Las Marismas to the native habitat of 
P. clarkii allowed for favorable conditions and rapid pop-
ulation growth in rice fields, irrigation canals and streams 
(Gaudé 1984).

The mechanism of P. clarkii range expansion was a com-
bination of natural migration in regional waterways and 
aggressive stock enhancement at the hands of crayfish har-
vesting fishermen, who were eager to stock additional water 

Early Procambarus harvest in Spain was done by simple un-
baited eel traps in shallow-water habitats.

bodies that could be exploited later for profit. At the onset 
of the population expansion, additional and unauthorized 
P. clarkii introductions were made to accelerate this poten-
tial fishery. Aside from commercial fishermen, numerous 
recreational harvesters likewise sought to seed various fa-
vorite fishing sites with readily available P. clarkii, either as 
mature, captured animals, or as juveniles culled from grad-
ing at crayfish processing sites.

The rapid expansion and explosive population growth of 
P. clarkii, created by a combination of these factors, devel-
oped a harvestable range that spread to areas well outside of 
the initial stocking site. Populations developed throughout 
south-central Spain and Portugal within ten years of the Las 
Marismas stocking event (Gutiérrez et al. 1999).

As harvestable stocks increased, so to did the acceptance 
of Procambarus as a European culinary crayfish. Initially, 
Procambarus was accepted as a substitute for traditional cray-
fish, but eventually it dominated consumption as a permanent 
replacement. By 1981, availability of Spanish Procambarus ef-
fectively reversed the crayfish trade deficit between Spain and 
France, thus fulfilling the government’s stated mission of the 
crayfish introduction project (Figure 1).

Controversy
The development of an Iberian Procambarus sector has 

been embroiled in a deep and often fierce controversy con-
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cerning the peripheral and unintended impacts attributed to 
this non-native species. Impacts are generally based on three 
major attributes: omnivorous diet, disease vector and behav-
ioral damage (Geiger et al. 2005).

The omnivorous diet of  the Procambarus has been re-
ported to cause rice yield depression and wild habitat al-
teration (Gutiérrez et al. 1998), both impacts documented 
in their native range. The role as a possible vector of  Aph-
anomyces is likewise accepted, as Procambarus has devel-
oped host resistance to this infection by co-evolving with 
the fungal agent. The behavioral impacts of  Procambarus 
are centered on either their burrow damage to irrigation 
infrastructure or competitive aggression /exclusion with 
other aquatic invertebrate populations. Secondary im-
pacts to terrestrial vertebrates are mixed between positive 
and negative, with many consumers of  crayfish benefit-
ing from their availability as a dietary item (Delibes and 
Adrian 1987).

Commercialization of Spanish Procambarus
Since 1973, commercial Procambarus production in Spain 

has stabilized within the region of Las Marismas, with har-
vest tied to local rainfall abundance (de Andalucía 2001). 
Ranging yearly from 3000-5000 t (live weight) of marketable 
animals, annual production during the 2000 season indicates 
that over four percent of the global Procambarus harvest 
comes from descendants of the initial 100 kilograms of vi-
able broodstock introduced from North America. Such har-
vest potential places Spain third behind USA and unrivaled 
global leader, China (Figure 2). Far eclipsing the combined 
production in the native range of USA and introduced 
Spain, non-native Chinese Procambarus are harvested pre-
dominately from large volunteer populations in waterways 
similar to the situation in southern Spain (Figur 3, Liu and 
Li 2009).

By 2000, the Spanish crayfish sector was centered 
near the town of  Isla Major, centrally located in the 
rice-growing region of  Andalucía. With eight crayfish 
processing companies employing some 700 workers, a 
good proportion of  the product value of  US$13 million 

Fig. 1. Crayfish trade reversal (t) between Spain and France. 

Fig. 2. Harvested Procambarus from three major producing 
countries in 2006.

Fig. 3.  Development of the China Procambarus harvest (t) by 
year.

Fig. 4.  Marketing of Spanish Procambarus into whole 
(dark) and tail meat (light) products (t) in 2006.

is returned to the local economy, with US$7 million in 
salaries. Of  note is the estimate that 30 percent of  pro-
cessed product within these plants is from traditional 
marine shrimp species. 

While the majority of the incoming Spanish Procambarus 
product is destined to be marketed whole (live, chilled or 
frozen), over 32 percent of product is cooked and peeled for 
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Initial grading 
techniques 
for Spanish 
Procambarus 
resulted in 
abundant un-
dersized cray-
fish that were 
used to stock 
established and 
new habitats.

tail meat (Figure 4) (de Andalucía 2001). The internal Span-
ish culinary demand overwhelmingly prefers live wholesale 
product, with less than 0.5 percent demand for frozen prod-
uct. Similar to Chinese Procambarus product imported into 
the USA, Spanish crayfish enters the frozen USA markets as 
66 percent tail meat.

Economic Impact of the Commercial Procambarus 
Sector in Spain

During the 27 years following the sanctioned introduc-
tion of Procambarus into southern Spain, over 20,000 cu-
mulative annual incomes have come from this economic ac-
tivity rooted in crustacean aquaculture. An estimated 40,000 
t of marketable Procambarus, worth an estimated US$250 
million retail, has provided economic opportunities in an 
otherwise depressed rural area.

Although the introduction project encountered some 
unexpected outcomes that undermined the profitability 
of  private crayfish aquaculture ventures, the permanent 
colonization of  the Iberian Peninsula with Procambarus 
can be considered an economic success. The principal 
outcomes include needed employment and reversal of  the 
monetary crayfish deficit, both of  which existed previous 
to the introduction. The positive economic input within 
the production area has gradually become a source of 
civic pride and cultural identity, with an annual crayfish 
festival heralding Procambarus as their regional symbol 
(Junta de Andalucía 2001).

As is the case in the other crayfish producing countries, 
the future of  the Procambarus sector in southern Spain 
is uncertain. World demand for Procambarus has grown 
exponentially, thus elevating the genus Procambarus as 
the most economically important representative of Ast-
acidae (FAO 2010). As a global commodity with multiple 
potential sources, market conditions for crayfish products 
are very sensitive to many factors other than the presence 
of  harvestable crayfish populations (Figsures 5 and 6). A 
species, such as Procambarus crayfish, that is locally well 
adapted and permanently naturalized can make a positive 
contribution to local economic development. 

Notes
1Louisiana State University AgCenter, PO Box 25203, Baton 

Rouge, Louisiana,70894, USA, agaude@agcenter.LSU.edu
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Lax biosecurity threatens whiteleg 
shrimp health on small farms: A policy 
and research challenge to India
c. regunatHan1 and M.r kitto2

After the shrimp boom of  the ear-
ly 1990s, with commercial integrated 
shrimp farming units under foreign 
collaboration, losses of  Penaeus 
monodon from diseases (Babu et al. 
2001) crippled profits of  large-scale 
corporate shrimp farms and led to the 
introduction of  the whiteleg shrimp, 
Litopenaeus vannamei . Among other 
outcomes, this needless diversifica-
tion of  species had verily shown un-
regulated ethics in transfer and post-
import management (Raghavan and 
Prasad 2006). 

These factors also caused shrimp 
farming to become a smaller scale 
farming activity (Umesh et al. 
2010). The farming of  shrimp is 
largely dependent on small holdings 
of  less than 2 ha, accounting for 90 
percent of  the total area used for 
shrimp culture; 7 percent of  farms 
are between 2 and 5 ha and the small 
remainder have an area greater than 
5 ha (MPEDA 2008). Unorganized 
small-scale farmers do not have ac-
cess to technological innovations 
and scientific applications. They 
contribute around 80 percent to the 
total shrimp production, but are 
poorly served. Small-scale farmers 
are innovative and productive but, 
because of  poor organizational skills 
and an inadequate knowledge base, 
they are vulnerable to the numerous 
risks and hazards that impact farm 
productivity (Umesh et al. 2010). 
Small shrimp farm producers are 
also reluctant to adopt biosecurity 
measures that are perceived to be an 
additional cost. 

Biosecurity Requirements of the 
Coastal Aquaculture Authority

The Coastal Aquaculture Author-
ity (CAA) of India is responsible for 
regulating activities connected with 
aquaculture in coastal areas. They are 
preparing to clamp down on illegal 
culture of whiteleg shrimp (Rao 2012). 
The authority also is preparing to 
take steps to shut down unregistered 
shrimp hatcheries and farms. Even 
registered farms and hatcheries that 
are culturing and breeding whiteleg 
shrimp without the approval of the 
CAA will be shut down. Out of 14,549 
CAA-registered farms in the country, 
only 246 have permission to cultivate 
whiteleg shrimp. 

The CAA, in its list of do’s and 
dont’s, has stated that the biosecurity 
requirements to get permission to cul-
tivate the whiteleg shrimp include fenc-
ing of the farms (including crab fenc-
ing), provision of reservoirs for water 
intake, netting to reduce predation by 
birds, separate implements for each 
pond, training for personnel on biose-
curity measures, and effluent treatment 
systems, regardless of farm size. Over 
and above all this, the quality of water 
should conform to the standards pre-
scribed by the CAA. Wastewater will be 
retained for at least two days and chlo-
rinated and then de-chlorinated before 
release into the drainage system. 

Lack of Biosecurity Threatens 
Sustainability

Several farms in coastal Andhra 
Pradesh are not equipped to cultivate 

whiteleg shrimp as per CAA norms, 
inasmuch as it is highly capital inten-
sive. The Marine Products Export De-
velopment Authority (MPEDA) Dep-
uty Director, C.J. Sampath Kumar, has 
said that there is also a problem with 
the shrimp being cultivated outside the 
jurisdiction of the CAA. Efforts are 
being made to change the rules to cov-
er such aquaculture farms (Rao 2012). 
The negative effects of lax biosecurity 
measures on shrimp health on smaller 
farms in India is a serious threat to the 
sustainability of cultured marine sea-
foods in India today. 

Although the original stock of SPF 
shrimp may have been certified as clear 
of specific pathogens, shrimp can no 
longer be regarded as SPF once they 
leave the biosecure environment and 
the offspring produced from this stock 
are cultured in non-biosecure produc-
tion facilities of small farmers in In-
dia (Regunathan and Kitto 2011). A 
new historical record must be freshly 
logged to support claims of SPF status 
in the new transboundary region. Only 
a small number of biosecure hatcher-
ies under strict selection procedures 
should be chosen as multiplication 
centers to produce only SPF brood-
stock (Chinarong and Krishna 2011). 

Supposedly normal shrimp are 
capable of carrying one or more un-
known viral pathogens without gross 
or histological signs of disease (Flegel 
2006). Wild and farmed native Indian 
shrimps are putatively not free of in-
fection from many exotic agents. Ex-
otic viruses can be present in prawns 
as ‘cryptic’ infections. Even in farmed 
populations, evidence suggests disease 
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outbreaks do not occur if  shrimp de-
fense mechanisms manage to contain 
low-intensity viral infections under 
low-stress culture conditions (Tsai et 
al. 1999). There is a trail of solid re-
search on the mechanisms of cryptic 
virus infections, inasmuch as immune 
memory is wanting in India.

The Proposed National Agricul-
tural Biosecurity Network

In view of the emerging concerns 
for biosecurity, the National Institute 
of Advance studies, Bangalore and 
M.S.Swaminathan Research Founda-
tion, Chennai organized a discussion 
meeting on the development of a na-
tional agenda towards biosecurity. 
The development of a National Ag-
ricultural Biosecurity Network will 
serve as a coordinating and facilitating 
scientific partnership between various 
institutions and the establishment of a 
knowledge center that will act primar-
ily as a “think tank” for future agricul-
tural development and emerging bios-
ecurity threats. Literacy drives towards 
biosecurity, a focused threat / risk 
analysis followed by capacity building 
in diagnosis and preparedness, devel-
oping emergency action plans and es-
tablishing a single integrated National 
Biosecurity Center were also discussed 
(Anonymous 2007).

Promising Approaches and Rec-
ommendations

A lackadaisical approach to biose-
curity can have a deleterious effect on 
the overall health of  existing farmed 
whiteleg shrimp populations but there 
are examples of  how to do it right. 
Australia has successfully kept many 
pathogens, including WSSV, out of 
the country by adhering to strict prin-
ciples of  biosecurity, quarantine and 
health certification (Tabar 2010). The 
outcome of  the work conducted in 
India, with support from MPEDA 
(India) and ACIAR (Australian Cen-
tre for International Agricultural Re-
search), showed small-scale shrimp 
farms can improve productivity and 
reduce the risk of  crop loss through 
disease control programs, achieved by 
providing access to science-based dis-
ease control principles, promoting lo-

cal aquaclubs to facilitate cooperation 
and communicating best management 
practices (BMPs) to a wider group of 
farmers, collectively addressing health 
management problems (Padiyar et al. 
2003). Building awareness and capac-
ity of  farmers on farm-level biosecu-
rity concepts certainly should have 
been taken up as a priority even with 
small farmers long before.

Lapses in farm-level biosecurity 
are commonly seen at every stage 
of  culture operations in many Asian 
countries (Mohan et al. 2005). To 
effectively promote adoption of 
biosecurity principles, it is essential 
to understand the socio-economic 
background and mindset of  farmers. 
Extending this concept to a wider 
area, however, poses considerable 
challenges (Mohan et al. 2005). A 
possible way forward should include 
collective approaches and facilitat-
ing farmer-to-farmer interaction 
through self-help groups and volun-
tary associations. To be successful, 
this approach must be implemented 
within an institutional government / 
private sector framework that allows 
the implementation of  best manage-
ment practices (BMPs) on a wider 
scale (Mohan et al. 2005). Building 
support for new exotic transbound-
ary L.vannamei shrimp biosecurity 
regulations among small farmers is 
the crux of  the issue. 

A new site-specific instrumental 
code of  Indian biosecure practice 
guidelines should be researched and 
implemented for monitoring succes-
sive filial generations of  domesti-
cated L. vannamei stocks in Indian 
waters. India should make an exem-
plary effort to fulfill its responsibil-
ity to implement the provisions of 
an adapted transboundary biosecu-
rity code despite limited resources 
and capacities of  the small scale 
farmers. 

We believe that a high-level inter-
ministerial body on exotic shrimp 
biosecurity profile audits within India 
should be formed. Representatives to 
this body should come from the rel-
evant ministries of  agriculture, fisher-
ies, health, environment, forests and 
commerce. The mandate of  the body 
will be to check the illegal aquatic 

animal trade and to conduct audit 
surveillance on relevant aquaculture 
authority agencies and assess their 
compliance with and implementation 
of  responsible agriculture and fisher-
ies development in India.

Identifying knowledge gaps and, 
thereby, assisting in prioritizing fu-
ture research direction and making 
health-promoting risk management 
decisions in the future is our goal. 
Indian scientific research must find 
an answer for the challenges ahead 
and knowledge requirements must be 
given a high priority. “What we sow, 
so we reap” is the maxim.
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Marine snow: Its formation and 
significance in fisheries and aquaculture
pragyan dasH1, dipanjan kasHyap1 and sagar c. MandaL2*

A continuous shower of  organ-
ic aggregates that drifts down from 
the surface of  the ocean to the abys-
sal depths is known as “marine 
snow.” These white fluffy substances 
look like snowflakes in sea water, 
which may be the reason for naming 
it “snow.” In estuarine and nearshore 
waters, marine snow consists of  de-
tritus, mineral grains, phytoplankton 
and microorganisms bound loosely 
in a mucous matrix (Eisma 1986, 
Shanks and Edmondson 1990). Mac-
ro-aggregates of  marine snow range 
from 0.5 mm to several cm in diam-
eter (Alldredge and Silver 1988). The 
structure of  marine snow is delicate 
and flocs shatter when sampled or 
handled. Marine snow contributes 
greatly to the transport of  particulate 
carbon and macronutrients through 
the marine pelagic zone and serves 
as a food source for many deep-sea 
fauna.              

Composition of Marine Snow
Aggregates of  marine snow are 

enriched with dead or dying plank-
ton, diatoms, fecal matter, sand, soot 
and other inorganic dust, degraded 
larvacean houses, bacteria with ref-
uges, concentrated nutrient sources 
and semi-stable substrates (Shanks 
and Trent 1979). The aggregate 
is held together by sugary mucus 
known as transparent extracellular 
polysaccharides (TEPs), which are 
natural polymers exuded as waste 
products by bacteria and phyto-
plankton. Marine snow aggregates 
can be classified on the basis of 
composition as dominated by detri-
tus, diatoms, larvacean houses, or 
fecal pellets.

Formation of Marine Snow
Aggregates formation occurs when 

particles collide and stick together. The 
primary factors involved in aggregate 
formation are particle abundance, size 
spectrum of particles, collision between 
individual particles or aggregates and 
between aggregates of various sizes 
during coagulation, and stickiness of 
particles (Jackson 2001). There are sev-
eral physical mechanisms that cause 
suspended particles to collide, such as 
differential settling, turbulence, and 
Brownian motion. The rate of collision 
is dependent on turbulence and animal 
feeding activity, whereas stickiness is 
affected by the presence of exopoly-
meric substances (EPS), consisting of 
polysaccharide and smaller amounts 
of protein and DNA, forming a ma-
trix in which bacterial cells are embed-
ded. One type of EPS is TEP, which is 
considered an important parameter in 
determining particle stickiness (Passow 
and Aldredge 1995). 

When a marine phytoplankton is 
exposed to sunlight, all the organic car-
bon produced in photosynthesis is not 
used by the cell; a portion is exuded as 
dissolved organic matter into the sur-
rounding water. Particles coalesce by 
cation bridging and adhere together. 
Aided by TEP, particles stick together 
and form aggregates. Gradually small 
particles bind with other particles to 
form larger particles. These aggregates 
grow over time and may reach several 
cm in diameter, settling for weeks be-
fore reaching the ocean floor. 

Quorum Sensing as a Tool in 
Formation of Marine Snow

Quorum sensing is a phenomenon 
where microorganisms communicate 
and coordinate their behavior by the 
accumulation of signalling molecules. 
This mechanism is most commonly 
seen in bacteria that are equipped 
with molecular signalling systems 
(Figure 1). Individual bacteria have a 

Fig. 1. Quorum sensing is a phenomenon where microorganisms communicate and 
coordinate behavior by the accmulation of signalling molecules.
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capability of  secreting and detecting 
auto-inducers (quormones) that can 
be detected by other nearby bacteria. 
These signals allow bacteria to com-
municate and coordinate with each 
other. When bacterial density reaches 
a sufficient level and the concentra-
tion of  auto-inducers reaches a criti-
cal threshold, a positive feedback is 
initiated, such that more signalling 
molecules are synthesized and recep-
tor sites becomes fully activated. This 
process also induces the up-regulation 
of  other specific genes. Certain traits 
are under quorum sensing control, 
such as exopolysaccharide produc-
tion, cell aggregation, exoenzyme pro-
duction and bioluminescence. Several 
bacterial strains isolated from marine 
snow particles produce acyl homos-
erine lactone (AHL) communication 
signals (Gram et al. 2002). Because of 
the common involvement of  AHLs in 
antibiotic production and hydrolytic 
enzymatic activity, it is tempting to 
suggest that AHL allows marine snow 
bacteria to express such phenotypes 
only when occupying snow particles, 
reaching high bacterial cell densities, 
and interacting with marine phyto-
plankton.

Collection of Marine Snow
Marine snow can be gathered from 

the sea by marine snow collectors 
(traps) or by scuba diving. Marine 
snow collectors are lowered to a cer-
tain depth in the water column and 
closed. Traps are brought on board the 
ship and samples are left to settle for 
some hours. Particles that settle into a 
bottom chamber can then be isolated 
from the bulk water and removed for 
detailed analysis.

Production of Marine Snow in 
the Laboratory

Marine snow can be artificially 
produced in the laboratory by using 
a vertical recirculating tube with an 
upward flowing turbulent current. 
Depending on flow rate and floc com-
position, particle size and shape can 
be varied. Seawater is continuously 
circulated in a glass tube and an up-
ward vertical flow velocity of  as much 
as 0.25 cm s-1 is maintained by an os-

cillating pump. Artificial suspensions 
of  particulate matter collected from 
sea water are injected into the tube 
through a stopcock at the bottom. 
The pump is run for a few minutes at 
maximum speed to produce an even 
suspension and adjusted to produce 
the desired upwelling rate. To aer-
ate the suspension an air diffuser is 
provided at the top of  the tube. Peri-
odically samples are withdrawn from 
the top of  the tube and run through 
a Coulter Counter to determine con-
centrations and grain sizes of  sus-
pended particles. The suspension can 
also be optically analyzed using an 
inverted microscope (Kranck et al. 
1980).  

Significance of Marine Snow in 
the Ocean

Effective and self-sufficient 
microhabitats

Marine snow aggregates are en-
riched with microbial communities 
and chemical gradients within which 
photosynthesis, decomposition and 
nutrient regeneration occurs at ele-
vated rates. Activities of  autotrophic 
and heterotrophic organisms are 
closely linked, thereby providing mu-
tual benefit where the product of  one 
becomes a substrate for the other. 
Bacteria that colonize marine snow 
play an important role in the remin-
eralization and solubilization of  par-
ticulate organic carbon and other 
nutrients (Turley 2002).

Primary transporter of surface-derived 
organic material in the ocean

As aggregates slowly sink to the 
ocean bottom, it results in trans-
port of  particulate material from 
the surface to the deep ocean, lead-
ing to sequestration. The sinking 
of  particulate organic matter in the 
ocean, such as marine snow, is a key 
mechanism for transporting carbon 
to depth (Kiørboe 2001). In some ar-
eas, marine snow constitutes up to 63 
percent of  total particulate organic 
carbon (Alldredge and Silver 1988). 
Phytoplankton associated with ma-
rine snow fix atmospheric carbon in 
the form of  carbon dioxide, which 
is subsequently transported to the 

ocean floor, having a major effect on 
the long-term removal of  carbon.

Role in primary productivity in ocean
Large fluxes of aggregates are typi-

cally coupled with primary productiv-
ity (Kiørboe 2001) and are associated 
with the termination of phytoplankton 
blooms (Alldredge 1995).

Foundation of deep-sea mesope-
lagic and benthic ecosystems

Deep-sea organisms are greatly de-
pendent on marine snow as an energy 
source. They filter marine snow from 
the water or scavenge it from the sea-
bed. The small percentage of material 
not consumed in shallower water be-
comes incorporated into the muddy 
ooze blanketing the ocean floor, where 
it is further decomposed through bio-
logical activity. Over the past 20 years, 
National Oceanic and Atmospheric 
Administration (NOAA) scientists 
and others have measured the amount 
of useable material in marine snow 
and found that there is plenty of car-
bon and nitrogen to feed many of the 
scavengers in the deep sea.

Light emitters
Marine snow contains certain dino-

flagellates including Protoperidinium 
spp. and Noctiluca spp. Biolumines-
cence of individual dinoflagellate 
cells appears to be an optical sensory 
cue that startles zooplankton grazers, 
thereby decreasing grazing rates on di-
noflagellates (Buskey et al. 1983). Bio-
luminescence-enriched marine snow 
may avoid consumption and play an 
important role in coastal carbon cy-
cling and food-web structure (Herren 
et al. 2004).

Significance of Marine Snow in 
Aquaculture

Marine snow is commercially avail-
able and is used as source of dietary 
plankton in marine aquarium species. 
The diet reproduces biogenic suspend-
ed matter found in natural seawater, 
including marine snow aggregates. It 
acts as a good site for heterotrophic 
bacterial production. Larson et al. 
(1996) investigated the consumption 
of marine snow by fishes and found 
that marine snow contributed to the 
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diet of mullet by reducing weight loss 
by 50 percent, especially when comple-
mented with zooplankton, which adds 
an additional 50 percent. 

Conclusion
The formation and sinking of ma-

rine snow in oceans is of key impor-
tance to the global carbon cycle and to 
the supply of food for deep-sea fauna. 
Its significant role in the ocean has 
been investigated but studies related 
to aquaculture are limited. Forming 
marine snow in the laboratory may 
provide researchers with a useful ex-
perimental tool for more elaborate 
study. Marine snow may also be used 
in large-scale marine plankton pro-
duction. Research should be focused 
on using marine snow in aquaculture 
more efficiently in the coming years.
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Turchini (Deakin University) is help-
ing Australian aquaculturists plan for 
a more economically and environmen-
tally secure future by reducing depen-
dence on imported fish oil as an ingre-
dient in aquafeed. 

Australia’s aquafeed industry 
quickly took up project findings and 
developed new, cost- effective and 
more sustainable diets for the Austral-
asian market. Current feeds have mini-
mal fish oil content and utilize nation-
ally produced alternative oils, but still 
deliver excellent fish performance and 
products with optimal nutritional and 
sensory qualities. 

Sealite Pty. Ltd. won the Aquacul-
ture Service Provider Award. Sealite, 
which designs and manufactures ma-
rine navigation aids in Somerville, Vic-
toria, Australia, offers the widest range 

of solar-powered LED lanterns in the 
marketplace. The company is a tech-
nology leader in the development of 
marine navigation aids. It utilizes state-
of-the-art equipment and an in-house 
approach to production that achieves 
superior product value and quality. 

Fish farmers typically install flash-
ing lights to identify the boundaries of 
their farms. Sealite’s low-cost synchro-
nized light systems clearly illuminate 
their assets against confusing back-
ground lighting and other navigation 
aids for greater visibility to mariners. 

“GAA and BAP are proud to have 
supported this new awards program,” 
Mr Redmond said. “With their focus 
on innovation and sustainability, the 
Australasian Aquaculture Awards 
contribute to advances across the 
aquaculture industry. As with the 
farms and plants that participate in 

BAP certification, these award winners 
are working toward the improvements 
that will be needed to sustainably farm 
more seafood over the coming years.” 

Judging for the awards evaluated the 
qualities that make candidates “excel-
lent,” such as major accomplishments 
and specific projects, unique products 
or services, links to education and pro-
jected impacts on aquaculture. 

 “This is the inaugural Awards cer-
emony and according to the judges the 
competition was extremely competitive. 
The Awards have been called “The Blue 
Thumbs” and it is anticipated that they 
will become an integral part of the Aus-
tralasian scene into the future,” Awards 
organizer Roy Palmer said. “Highlight-
ing excellence is important in the ma-
turing industry and we are grateful to 
GAA-BAP for showing the initiative by 
supporting this activity.” 

AustrALiAN AquACuLturE
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Stress and stressors: The role of heat 
shock proteins
debtanu barMan*1, vikasH kuMar2, sagar c. MandaL3, suvra roy2 and kundan kuMar2

The increasing contamination of 
freshwater and marine ecosystems 
around the world by anthropogenic 
substances is one category of environ-
mental stressor. Various stressors—
such as grading, transportation and 
vaccination—are necessary compo-
nents of modern intensive fish culture. 
The response of the fish to such stres-
sors involves a hierarchy of organiza-
tion from cell to individual organism 
to population. 

Stress is most often associated with 
a negative perspective. This is natural 
inasmuch as the word and concept in 
common use is generally associated 
with a system that is severely chal-
lenged. The stress response is an im-
portant normal response of all living 
organisms. Spanning the range from 
the induction of certain genes and pro-
teins to a complex behavioral response, 
the stress response allows organisms to 
avoid or cope with challenges to ho-
meostasis. 

This underscores the importance of 
clarity and precision in defining this 
important response. Stress is defined 
here as the response of a cell or organ-
ism to any demand placed on it that 
causes an extension of physiological 
state beyond the normal resting state. 
Stress is the sum of the physiological 
responses by which an animal tries to 
maintain or establish a normal metab-
olism, in the face of physical or chemi-
cal assaults. The factors that cause 
stress, as a group, are called stressors. 
Therefore, a stressor is a causative fac-
tor and stress is the response.Rearing 
aquatic organisms in artificial environ-
ments results in exposure to numerous 
stressors that are often not experi-
enced at the same intensity in natural 
environments. 

The stress response of fish follows 
the general vertebrate pattern. A key 
element in the stress response is a 
switch from anabolism to catabolism. 
The magnitude of the response may 
vary with the nature of stress and its 
duration. It also depends on age, sex, 
maturation stages, species and strain 
of fish. At the animal level, a series of 
physiological changes occur following 
stress challenges that are adaptive in 
nature. These physiological responses 
are collectively termed the general 
adaptation syndrome. The sequential 
response consists of an alarm reaction 
when stress hormones are released, a 
stage of resistance when adaptation 
occurs and a stage of exhaustion when 
adaptation is lost because the stress 
was too severe or long lasting.

Classification of the Stress Re-
sponse

A stress response can be classified as 
primary, including neural and neuro-
endocrine response; secondary, such 
as physiological consequence of such 
primary response; and tertiary, such 
as changes in behavior, growth rate, 
increased susceptibility to diseases and 
change in population.

Primary Stress Response
This is characterized by the release 

of adrinocorticotropic hormones 
(ACTH) from the adenohypophysis 
and the release of stress hormones, in-
cluding catecholamines, such as adren-
alin, nor-adrenalin and dopamine, and 
corticosteroids, especially cortisol 
from the head kidney. In fishes, an 
adverse condition stimulates the af-
ferent neural pathway that runs in the 
sympathetic nervous system from the 

hypothalamus to the chromaffin tis-
sue of the head kidney and stimulates 
the chromaffin tissue. This leads to the 
release of catecholamines, which is ex-
tremely rapid compared to the release 
of cortisol. Corticotropin releasing 
hormone (CRH) or factor (CRF), re-
leased from the hypothalamus in the 
brain, stimulates corticotropic cells 
of the anterior pituitary (adenohypo-
physis) to secrete adrenocorticotropic 
hormone (ACTH). ACTH, in turn, 
stimulates internal cells to synthesise 
and release corticosteroids, particu-
larly cortisol, which is the main corti-
costeroid in fish.

Secondary Stress Response
In teleost fish, cortisol enters the 

liver cells where it binds to a nuclear 
receptor, resulting in activation of 
genes that produce a series of enzymes 
with a range of metabolic effects. This 
results in a suite of biochemical and 
physiological changes that include hy-
perglycaemia, hyperlacticaemia, deple-
tion of tissue glycogen reserves, lipoly-
sis and inhibition of protein synthesis. 
Production of glucose during stress 
assists the animals in coping with the 
energy requirement. The stress hor-
mones, adrenalin and cortisol, increase 
plasma glucose production in fish by 
gluconeogenesis and glycogenolysis. 
Catecholamine has a marked influence 
on cardiovascular functions, leading 
to changes in blood circulation, gill 
perfusion and the oxygen carrying 
capacity of blood. Corticosteroids, 
on the other hand, stimulate the ion-
transport mechanism in the gill and 
kidney. Intracellular stress response is 
characterized by production of a fam-
ily of proteins known as heat shock 
proteins (Hsp).
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Cellular Stress Response. The gen-
eralized stress response at the cellu-
lar level is characterized by a family 
of proteins referred to as heat shock 
proteins (Hsps). Heat shock protein 
are highly conserved cellular proteins 
that have been observed in all organ-
isms, including fish. Extensive studies 
on model species have revealed three 
major families of heat shock proteins, 
such as Hsp90 (85-90 kDa), Hsp70 
(68-73 kDa) and low molecular weight 
Hsp (16-24 kDa).

In the unstressed cell, there is a con-
stitutive production of these proteins 
that are required in various aspects of 
cellular homeostasis. Hsp70 is known 
to assist the folding of nascent poly-
peptide chains, act as a molecular 
chaperone and mediate the repair and 
degradation of altered or denatured 
proteins. Hsp90 is active in supporting 
various components of cell signaling, 
including the cytoskeleton, enzymes 
and steroid hormone receptors. Low 
molecular weight Hsps have no known 
constitutive function and seem to be 
only induced during stress. There is 
increasing interest in the physiologi-
cal and protective role of Hsps fol-
lowing the exposure of fish to various 
environmental stressors. For example, 
increased levels of various Hsps have 

been measured in tissues of fish ex-
posed to bacterial pathogens and en-
vironmental contaminants, such as 
heavy metals in industrial effluents, 
pesticides and polycyclic aromatic hy-
drocarbons.

Mechanism to Control Stress by 
Heat Shock Proteins. Production of 
high levels of heat shock proteins 
can also be triggered by exposure to 
various kinds of environmental stress 
conditions, such as infection, inflam-
mation, exercise, exposure of the cell 
to toxins, starvation, hypoxia, nitrogen 
deficiency or water deprivation. Con-
sequently, heat shock proteins are also 
referred to as stress proteins and their 
up-regulation is sometimes described 
more generally as part of the stress re-
sponse. An increase in damaged or ab-
normal proteins may bring Hsps into 
action.

Role as Chaperone. Heat shock pro-
teins function as intracellular chap-
erones for other proteins. They play 
an important role in protein-protein 
interactions, such as folding and as-
sisting in the establishment of proper 
protein conformation (shape) and pre-
vention of unwanted protein aggrega-
tion. By helping to stabilize partially 
unfolded proteins, Hsps aid in trans-
porting proteins across membranes 

Table 1. Most important members of prokaryotic and eukaryotic heath stock proteins and their functions.

Approximate molecular Prokaryotic Eukaryotic 
weight (kDa) proteins proteins Function

10 GroES Hsp10 

20-30 GrpE HspB group of Hsp. 
  Eleven members in 
  mammals including 
  Hsp27 or HspB1  

40 DnaJ Hsp40 Co-factor of Hsp70

60 GroEL, 60kDa antigen Hsp60 Involved in protein folding, after its 
   post-translational import to the 
   mitochondrion/chloroplast.

70 DnaK HspA group, including Protein folding and unfolding, provides
  Hsp71, Hsp70, Hsp72,  thermotolerance to cell on exposure to 
  Grp78 (BiP), Hsx70 heat stress. Also prevents protein folding 
   during post-translational import into the 
   mitochondria/chloroplast.

90 HtpG, C62.5 HspC group, including  Maintenance of steroid receptors and
  Hsp90, Grp94 transcription factors.

100 ClpB, ClpA, ClpX Hsp104, Hsp110 Tolerance to extreme temperature.

within the cell. Some members of the 
Hsp family are expressed at low to 
moderate levels in all organisms be-
cause of their essential role in protein 
maintenance.

Housekeeping. Heat-shock proteins 
also occur under non-stress conditions, 
simply monitoring a cell’s proteins. As 
an example, Hsps carry old proteins to 
a cell’s “recycling bin” and help newly 
synthesized proteins fold properly. 
These activities are part of a cellular 
repair system, called the cellular stress 
response or heat-shock response.

Cardiovascular. Heat shock proteins 
(Hsp90, Hsp84, Hsp70, Hsp27, Hsp20 
and alpha-B-crystallin) appear to 
serve a major cardiovascular role. Hsp 
90 binds both endothelial nitric ox-
ide synthase and soluble guanylate 
cyclase, which in turn are involved in 
vascular relaxation. Hsp 20 phospho-
rylation correlates well with smooth 
muscle relaxation and is one major 
phosphoprotein involved in the pro-
cess. Hsp 20 is involved in the smooth 
muscle phenotype during development 
and plays a major role in preventing 
platelet aggregation, cardiac myocyte 
function, and prevention of apoptosis, 
skeletal muscle function and muscle 
insulin response. Hsp 27 is a major 
phosphoprotein during muscle con-
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traction and smooth muscle migration. 
Extracellular and membrane bound 
Hsp, especially Hsp70, are involved in 
binding antigens and presenting them 
to the immune system.

The principal heat shock pro-
teins that have chaperone activ-
ity belong to five conserved classes 
are Hsp33, Hsp60, Hsp70, Hsp90 
and Hsp100 and the small heat shock 
proteins (sHsps). Although the most 
important members of each family 
are listed in Table 1, some species may 
express additional chaperones, co-
chaperones and heat shock proteins 
not listed. 

Tertiary Stress Response
Chronic exposure to stressors pro-

vokes tertiary stress responses that 
result in a number of pathological 
changes and reduction in reproduc-
tive success, depression of growth and 
decrease in disease resistance. The ter-
tiary stress response represents whole 
animal and population level changes 
associated with stress. In the whole 
animal, stress impairs growth, parr-
smolt transformation, spawning suc-
cess, migration behavior and spawn-
ing, and increased disease incidence. 
At the population level, stress acts to 
reduce intrinsic growth rate, recruit-
ment, compensatory reserve, produc-
tivity, and altered community species 
abundance and diversity. 

Overall, when fish are exposed to an 
environmental stressor, a hierarchy of 
responses is initiated and, if  the stress 
is sufficiently severe or long lasting, 
successively higher levels of biological 
organization are affected. 

Criteria for Identification of 
Stressed Fish

The behavioral response is one of 
the immediate signs of stressed fish. 
Food acquisition, predator avoidance, 
prey capture, migration and habi-
tat preference are critical to survival. 
Most physiological and environmental 
changes and handling can induce vari-
ations in fish behavior. Alterations of 
behaviors may take minutes to weeks 
to return to pre-stress conditions, 
depending on the nature and magni-
tude of the stressor. Behaviors that 
are most important to the survival of 

the organism tend to return to normal 
in the shortest time. Appropriate be-
havioral responses to the perception 
of a stressor will lessen the potential 
magnitude of that stressor and will 
increase chances of survival for that 
individual. 

Methods of monitoring and quan-
tifying behavioral responses are po-
tential alternatives for assessing stress 
from disease, water pollution and toxic 
materials in water. Some of the impor-
tant visual criteria to identify stressed 
fish are schooling behavior and fish 
physical distribution, swimming be-
havior, darkening of body color, mu-
cus secretion and feeding activity.

Swimming. Estimation of swim-
ming ability can provide a sensitive in-
dex to general stress in fish. Examples 
of altered swimming patterns include 
swimming into shallow water, swim-
ming lethargically at the surface, lying 
listlessly on a pond or tank bottom, 
floating downstream or swimming er-
ratically. Critical swimming speed and 
the length of time a certain swimming 
velocity can be maintained can also be 
used as indicators of stress.

Respiration Rates (opercular beats).
Respiration rate is a useful indicator of 
stress in fish. The difference between 
resting and active metabolism can be 
quantified simply by counting breaths 
(opercular beats) per minute or, more 
precisely, by measuring respiratory 
gases. Respiratory movements and ox-
ygen consumption provide a measure 
of toxicological stress.

Caution in Using Indicators of 
Stress

There are many potential applica-
tions of the stress response. Features 
of physiological and cellular stress 
responses can be used to identify fish 
in intensive aquaculture that are in a 
stressed state. To make a reasonable 
interpretation, it is essential the base-
line of any variable be established for 
species, season and any other factor 
that can influence the measured vari-
able.

Heat shock proteins represent a po-
tentially convenient biomarker for sev-
eral reasons. They may be measured 
when the blood volume is very small. 
They may be used when other indica-

tors of stress are not available or well 
established. Hsp70 does not change in 
response to handling in fish. However, 
conditions that may occur in intensive 
aquaculture, such as anaesthesia, for-
malin exposure, hypoxia, hyperoxia, 
capture, crowding, food deprivation 
and cold shock do not affect Hsp70 in 
Atlantic salmon (Salmo salar). Thus, 
stress can exist when the measured 
variable does not change or have pat-
terns that are not obvious without a 
baseline reference.

Stress Mitigation Methods 
One of the most promising areas of 

research is the development of strate-
gies to reduce stress on fish during var-
ious aquaculture practices. There are 
two approaches to mitigating stress: 
non-chemical (biological) and chemi-
cal.

Non-chemical. Water quality is de-
fined as the suitability of water for the 
survival and growth of fishes and water 
quality management is implementation 
of techniques to bring water quality to 
a desirable level for good growth and 
survival of fish. This includes manage-
ment of water temperature, dissolved 
oxygen, alkalinity, pH, ammonia and 
turbidity.

Chemical. These methods includes 
dietary supplementation of protein, vi-
tamin C and vitamin E, L-tryptophan 
and lactoferin.

Summary
In aquaculture production, animals 

are exposed to many physical, chemi-
cal and biological stressors. Exposure 
of animals to stress elicits a cascade of 
physiological and biochemical chang-
es characterized as primary, secondary 
and tertiary stress responses. Stress can 
be mitigated by biological and chemi-
cal methods.

Notes
1Laboratory of Aquaculture & Artemia 

Reference Center, Ghent University, 
Belgium

2Central Institute of Fisheries Education 
(Deemed University), Mumbai, India

3College of Fisheries, CAU (I), Lembu-
cherra, Tripura, India

*Corresponding author: debtanu08@
gmail.com, Mobile- +32488191632

http://gmail.com/
+32488191632
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Future World Aquaculture Society 
Conferences and Expositions

2012 AQUA 2012 September 1-5
Prague Congress Centre     Prague, Czech Republic

International Annual Conference and Exposition of WAS and EAS with many other associations, industry 
and government sponsors.

2013 AQUACULTURE 2013 February 21-25
Nashville Convention Center     Nashville, Tennessee, USA

Triennial International Annual Conference and Exposition with Fish Culture Section, AFS, WAS, National 
Shellfisheries Association, U.S. Aquaculture Society, National Aquaculture Association and Aquaculture 
Suppliers Association.

2013 ASIAN PACIFIC AQUACULTURE 2013 December 10-13 
Saigon Exposition and Convention Center  Ho Chi Minh City, Vietnam

Internatiional Annual Confference and Exposition of Asian Pacific Chapter and WAS with many other as-
sociations, industry and government sponsors.

2014 AQUACULTURE AMERICA 2014 February 9-12
Washington State Convention Center   Seattle, Washington, USA

International annual Conference and Exposition with U.S. Chapter, WAS, National Aquaculture Associa-
tion and U.S. Suppliers Association.

2014 WORLD AQUACULTURE 2014 June 7-11
Adelaide Convention Center    Adelaide, South Australia

International Annual Conference and Exposition of WAS with many other associations, industry and gov-
ernment sponsors.

2015 AQUACULTURE AMERICA 2015 February 19-22
New Orleans Marriott       New Orleans,Louisiana USA

International Annual Conference and Exposition with U.S.  Chapter, WAS, National Aquacultutre Asso-
ciation and U.S. Suppliers Associsrion.

2015 WORLD AQUACULTURE 2015 May
Jeju Convention Centre    Jeju Island, Korea

International Annual Conference and Exposition of WAS with many other associations, industry and gov-
ernment sponsors.

2016    AQUACULTURE 2016      February 22-26 
Paris Hotel           Las Vegas, Nevada  USA 

Triennial International Annual Conference and Exposition with Fish Culture Section, AFS, WAS, National 
Shellfisheries Association, U.S. Aquaculture Society, National Aquaculture Association and Aquaculture 
Suppliers Association.

2017 WORLD AQUACULTURE 2017 June
Durban Convention Centre        Durban, South  Africa

International Annual Conference and Exposition of WAS with many other assoxiations, industry and gov-
ernment sponsors.

For information, contact:

Director of Conferences: Tel: +1-760-751-5005 FAX: +1-760-751-5003
Email:: worldaqua@aol.com Website: www.was.org

Tel: +1-760-751-5005
+1-760-751-5003
http://www.was.org/
mailto:worldaqua@aol.com


66  JuNe 2012

Book Review
Biofloc Technology, Second Edition by 
Yoram Avnimelech
joHn a. Hargreaves1

The 500 copies of the first edition of Biofloc Technology 
sold out quickly, necessitating a second edition of the book. 
Given how quickly things are moving in this field of inquiry, 
this decision seems warranted. Indeed the second edition in-
cludes many interesting new dimensions of biofloc technology. 
The editor of this book is Yoram Avnimelech, who has dedi-
cated a large part of his lengthy career to the understanding 
of the dynamics of intensive pond systems. He has published 
many of the fundamental papers in this field and is eminently 
qualified to write authoritatively on the subject. 

The original book consists of chapters that describe the 
basics of biofloc technology. These include chapters on the 
three main microbial processes in biofloc systems; nitrogen 
(ammonia) control in biofloc systems; managing biofloc 
ponds, including aerator placement and recipes for carbohy-
drate supplementation; biofloc system start-up; and the nu-
tritional value of bioflocs for tilapia and shrimp. The origi-
nal book contains an abundance of practical information 
as well as the underlying mechanistic explanations for why 
biofloc systems work the way they do.

The second edition is now 272 pages, nearly 50 percent 
more than the first edition. Whereas the first edition was 
written exclusively by Yoram Avnimelech, the second edi-
tion includes five new multi-authored chapters and these will 
be the focus of this review.

David Kuhn is the lead author of a chapter on ex-situ bio-
floc technology. This refers to applications of biofloc technol-
ogy to waste streams from recirculating or other intensive 
culture facilities. In this chapter, the use of biofloc technology 
in the form of sequencing batch reactors (SBRs) is described. 
Using SBRs can result in significant reductions in the mass 
discharge of waste solids. Managing SBRs in alternating aer-
obic and anaerobic modes results in digestion of solids and 
reduction of nitrate, a substance than accumulates in many 
intensive systems, including those managed with biofloc tech-
nology. Unfortunately the chapter does not include design cri-
teria to allow the design of SBRs based on waste loading. 

The second part of this chapter explores the use of 
dried biosolids obtained from SBRs as a feed ingredient for 
shrimp. In general, dried biosolids have a favorable amino 
acid profile, with some lysine deficiency, but trials using di-
ets with dried biosolids solids up to 30 percent inclusion re-
sult in good shrimp growth. Although the chapter presents 

a favorable view of the potential of using dried biosolids 
as a feed ingredient, it does not take a critical view of the 
practical aspects of large-scale feed manufacture using this 
promising ingredient.

Most of the recent research with biofloc technology is 
associated with so-called super-intensive shrimp raceways, 
work that has been underway through the US Marine 
Shrimp Farming Consortium for at least two decades. An-
drew Ray describes recent research in these intensive systems. 
The chapter has abundant information that is useful for the 
design and management of shrimp raceways. Producing 3-6 
kg/m3 can be easily obtained and predictable production of 
8-10 kg/m3 now seems within reach. The chapter has good 
information about tank designs and air-lift configurations. 
The control of solids concentration is discussed in some de-
tail, including the need to incorporate a solids control device 
in the raceway system. Interestingly the trend seems to be to 
try to manage biofloc systems with progressively lower lev-
els of solids concentration, while maintaining functionality 
with respect to ammonia control.

A new chapter by Peter DeSchryver describes how biofloc 
morphology and nutritional composition can be manipulat-
ed. In particular, the roles of turbulent mixing (i.e., shear), 
dissolved oxygen concentration, and organic carbon source 
on floc structure, size, and composition are considered. The 
chapter concludes with an analysis of the potential econom-
ic benefit of the recovery by cultured animals of nutrients in 
natural flocs consumed as food.

Maurício Emerenciano and colleagues provide a dis-
cussion of experience using biofloc technology to maintain 
shrimp broodstock. Using biofloc systems for shrimp brood-
stock is justified on the basis of improved biosecurity and 
better nutrition relative to conventional systems. Although 
the results of trials that compared the performance of 
shrimp broodstock in ponds, tanks, and biofloc systems sug-
gest that there is some benefit to using the biofloc approach, 
it is difficult to see much advantage relative to conventional 
approaches. In particular, the authors warn that the concen-
tration of settleable solids must be maintained at a fairly low 
level (15 mL/L) to avoid clogging shrimp gills.

Perhaps the most valuable chapter in the book describes 
commercial field experiences. In the last decade, excitement 

(Continued onpage 68)
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Calendar

July 1-5, 2012 Aquaciência 2012
 V Congresso da Sociedade 

Brasileira de Aquicultura e 
Biologia Aquática

 Centro de Convenções Palmas
 Palmas, TO, Brazil
 www.aquaciencia2012.com.br/

July 2-6, 2012 36th Annual Larval Fish Con-
ference

 Solstrand Hotel and Bad
 Bergen, Norway
 larvalfishcon.org

July 15-19, 2012 10th International Conference 
on the Biology of Fish

 University of Wisconsin – 
Madison

 Madison, Wisconsin, USA
 conferencing.uwex.edu/confer-

ences/icbf2012/

July 16-20, 2012 IIFET 2012 Tanzania
 Visible Possibilities: The Eco-

nomics of Sustainable Fisher-
ies, Aquaculture and Seafood 
Trade

 Hyatt Regency Kilimanjaro
 Dar es Salaam, Tanzania
 www.xcdsystem.com/iifet2012/

August 19-23, 2012 142nd Annual Meeting of the 
American Fisheries Society

 RiverCentre, St. Paul, MN
 Minneapolis - St. Paul, MN
 afs2012.org

August 20-24, 2012 14th International Echino-
derm Conference

 Royal Academy of Sciences of 
Belgium

 Brussels, Belgium
 www.14iec.be

August 22-23, 2012 Aquacultural Engineering So-
ciety’s Issues Forum

 Hotel Roanoke Conference 
Center

 Roanoke, Virginia, USA
 www.recircaqua.com/aesfo-

rum.html
 E-mail:  gboard@vt.edu  Tel.:  

+1 540 231-1376

August 24-26, 2012 Ninth International Confer-
ence on Recirculating Aqua-
culture

 Hotel Roanoke Conference 
Center

 Roanoke, Virginia, USA
 www.recircaqua.com/icra.html
 E-mail:  aquaconf@gmail.com   

Tel.:  +1 540 553-1455 

September 1-5, 2012 AQUA 2012.  World Aquacul-
ture and Aquaculture Europe 
2012.

 Prague Congress Centre 
 Prague, Czech Republic
 Tel:  +1-760-751-5005; Fax:  

+1-760-751-5003
 E-mail:  worldaqua@aol.com

September 6-8, 2012 10th International Seafood 
Summit

 Kowloon Shangri-La
 Hong Kong
 www.seafoodsummit.org

October 17-19, 2012 Offshore Mariculture 2012
 Hilton Hotel
 Izmir, Turkey
 www.offshoremariculture.com

October 17-20, 2012 Aqua Sur 2012:  VII Interna-
tional Aquaculture Exhibition

 Puerto Montt, Chile
 www.aqua-sur.cl/2012/

October 29-31, 2012 Upper Midwest Invasive Spe-
cies Conference

 La Crosse Center
 La Crosse, Wisconsin, USA
 www.umisc2012.org

October 6-10, 2013 ISTA 10:  Tenth International 
Symposium on Tilapia in 
Aquaculture

 Ramada Jerusalem Hotel
 Jerusalem, Israel

http://www.aquaciencia2012.com.br/
http://larvalfishcon.org/
http://conferencing.uwex.edu/confer-
http://www.xcdsystem.com/iifet2012/
http://afs2012.org/
http://www.14iec.be/
http://www.recircaqua.com/aesfo-
mailto:gboard@vt.edu
+1 540 231-1376
http://www.recircaqua.com/icra.html
mailto:aquaconf@gmail.com
+1 540 553-1455
+1-760-751-5005
+1-760-751-5003
mailto:worldaqua@aol.com
http://www.seafoodsummit.org/
http://www.offshoremariculture.com/
http://www.aqua-sur.cl/2012/
http://www.umisc2012.org/
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emony is called Pungeoje, which is a ritual ceremony to 
pray for a bountiful harvest. There were many activities 
to celebrate the seaweed harvest, similar to thanksgiving 
harvest celebrations in the fall. In Korea, miyeok-guk (Un-
daria soup) is popularly consumed by women after giv-
ing birth because miyeok contains abundant calcium and 
iodine, nutrients important for nursing mothers. Many 
women consume miyeok-guk during pregnancy as well. It 
is also traditionally eaten on birthdays as a reminder of  the 
first food that the mother has eaten and passed on to her 
newborn through her milk, thus bringing good fortune for 
the rest of  the year. 

— Ik Kyo Chung
President Korean Chapter

(Continued from page 14)

KorEAN ChAptEr updAtE

over biofloc systems was driven in large part by descriptions 
of practices and experience at Belize Aquaculture Ltd., and 
before that, Solar Aquafarms in California. In a chapter 
written in cooperation with Nyan Taw, numerous examples 
of the commercial-scale production of tilapia and shrimp 
in biofloc systems are described. Dr. Taw’s work with inten-
sively managed, lined shrimp ponds is truly impressive. In 
these ponds, production is 20-25 tons/ha per crop with some 
ponds providing yields of over 45 tons/ha! The large-scale 
implementation of biofloc technology in commercial aqua-
culture is clearly demonstrated in this chapter, indicating 
that it is not only the domain of research scientists.

As was the case with the first edition, this soft-cover book 
would have benefited from some careful editing to improve 
the quality of the presentation. There are numerous typo-
graphical errors and formatting inconsistencies to mar the 
reading experience. Given the high demand for this material, 

BooK rEviEw

(Continued from page 66)

macrophytes in the littoral zone. The only solution for 
this problem is the consistent removal of  excessive mud 
layers. However, this method is extremely costly and un-
realistic without a state subsidy. 

Also, fish predators are considered to be a major prob-
lem for the Czech inland fisheries sector. Over the last few 
years, the most serious losses have been caused by cormo-
rants (Phalacrocorax carbo sinensis), otters (Lutra lutra) 

CzECh rEpuBLiC

(Continued from page 27)

it is clear that the manuscript was rushed to the publisher, 
perhaps prematurely. However, these shortcomings do not 
detract from the overall quality of the material presented. 
There is an abundance of hard quantitative information that 
can be used for system design and operation. Most (but not 
all) chapters include sections on “practical tips” that are (for 
the most part) useful and indeed practical. The book con-
cludes with a short glossary of important terms.

This book will be useful to commercial practitioners, re-
search scientists, aquaculture engineers, and students. De-
spite the modest shortcomings, this new and greatly expand-
ed edition would be of interest to anyone with a passing 
interest in biofloc technology, even to those who purchased 
the first edition. At US$50 for WAS members, the book is a 
bargain. Apparently the new edition is selling well, suggest-
ing that a third edition may become necessary in the future. 
If  recent history is any guide, new findings and experience 
will emerge as the field of biofloc technology continues to 
develop and become more refined.

Notes
1Editor-in-Chief, World Aquaculture magazine

and herons (Ardea cinerea and A. alba). Currently, the 
losses caused by abundant fish predators are estimated at 
around EUR 11 million per year. Cormorant, otter, her-
ons and mink contribute to these losses by approximately 
70, 23, 5 and 2 percent, respectively.

The market image of  carp is not at an appropriate 
level and its consumption, outside of  the traditional 
Christmas season, is quite low. Carp also fails to attract 
younger consumers. The sector is vulnerable to imports 
of  cheaper fish from other European countries and 
Southeast Asia.

The future development of  Czech fish production 
should be focused on strengthening the domestic market. 
Attention should be focused on production of  game fish 
for stocking and restocking purposes. Hobby ponds for 
angling should offer new environmentally friendly agro-
tourism opportunities. 

The prospects for further development of the fisheries 
sector in the Czech Republic are seen in the:
•	 Introduction	 of 	 highly	 intensive	 recycling	 systems,	

particularly for hatchery/nursery stage.
•	 Investments	into	modernizing	processing	plants	aimed	

at satisfying the processed fish demand and creating 
value-added fish products.

•	 Greater	market	focus,	including	organic	and	eco-labeled	
products.

•	 Better	product	quality	control	—	i.e.,	off-flavor	elimina-
tion.

•	 Processing	diversification	–e.g.,	smoked	fish	(carp).
•	 Appropriate	marketing	strategies.	
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U.S. Aquaculture Society
Sponsored Publications
Request for Proposals

The USAS is seeking proposals for publications, including books, conference 
proceedings, fact sheets, pictorials, hatchery or production manuals, data compi-
lations, and other materials that are important to U.S. aquaculture development 
and that will be of benefit to USAS members. Individuals wishing to have a proj-
ect considered for funding by the USAS should prepare a proposal — guidelines 
are available on the website www.was.org.

Conditions for Publication: The USAS Board of Directors will rate propos-
als and select projects for publication. The successful applicant will serve as co-
author; however, depending on contribution to the publication, the applicant 
may not necessarily serve as chief  or sole author. The USAS will cover general 
publication and distribution costs for one or more projects up to $5,000 each 
year. However, special consideration will be given to worthwhile projects that 
exceed this limit. No compensation will be provided to the authors for their time 
spent in writing the publication. The publication will be property of the USAS 
and will be sold through the WAS bookstore.

See details on submitting a proposal on the next page or contact:

Dr. Wade O. Watanabe
Tel 910-962-2941

Email: watanabew@uncw.edu

http://www.was.org/
mailto:watanabew@uncw.edu
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Sponsored Publications — Request for Proposals
The USAS is seeking proposals for publications, including books, conference proceedings, fact sheets, pictorials, 
hatchery or production manuals, data compilations, and other materials that are important to U.S. aquaculture 
development and that will be of benefit to USAS members. Individuals wishing to have a project considered for 
funding by the USAS should prepare a proposal using the following guidelines:

1) Basics
Proposal should be double spaced, one sided, numbered, unstapled and on 8 ½ x 11 white paper. Suggested 
length is 5 pages or less, not including supporting materials. Include a cover letter. Include a self-addressed, 
stamped envelope for a response letter.

2) Structure
Title Page: Include a cover or title page with name, address, telephone number and email address. Also include 
the proposed number of pages of the final manuscript.
Overview: Clearly and concisely describe your project in one or two paragraphs.
•	 What	are	the	problems,	the	reasons,	or	the	situations	that	relate	to	the	aquaculture	industry	in	the	U.S.	that	

prompted you to write this publication?
•	 How	does	your	publication	address	these	problems,	reasons,	situations?
•	 What	make	your	publication	unique?
•	 What	are	the	new	approaches	and	special	features	of	your	publication?
•	 How	are	you	uniquely	qualified	to	write	this	publication?
Author’s Biography: State your qualifications as it relates to your ability to write and promote this project. For 
example, include prior publications that relate to the project, awards, education and previous publications. Why 
are you the person to write this publication and how are you qualified in the subject?

Marketing Section: What sector of the US aquaculture community would this publication target? Why would 
somebody buy this publication? Who is the audience for this publication and how is the audience reached?
•	 List	any	affiliations	or	contacts	you	have	that	would	assist	in	promoting,	reviewing	or	selling	this	publica-

tion.
Competition: List published titles that address a similar area of interest as your project, by author, title and 
date of publication. What does your project do that is distinct and necessary in today’s market? How is your 
publication different and better?
Promotion: Describe your project promotion plan.
Leveraging: Can you commit additional funds to leverage this publication? If  so, how much?
Sample Materials: Provide descriptive section titles and a short summary or each. For books, include a chapter 
outline and the introductory chapter.
Publishing Details: Include any information on illustrations, photographs, or special formats that will be re-
quired. Include an estimate of time that will be needed to deliver a completed manuscript.
Supporting Materials: Please include any media attention you have received, feature articles, columns or other 
promotional materials about you that relate to the publication’s topic.

3) Scoring: Basics: (5 points); Title page: (5 pts); Author’s biography: (10 pts); Publishing details: (5 points); Over-
view: (15 pts); Leveraging: (10 pts); Competition: (10 pts); Sample materials: (15 pts); Supporting materials: (5 
pts); Promotion and marketing: (20 pts)

4) Conditions for Publication: The USAS Board of Directors will rate proposals and select projects for publica-
tion. The successful applicant will serve as co-author; however, depending on contribution to the publication, 
the applicant may not necessarily serve as chief  or sole author. The USAS will cover general publication and 
distribution costs for one or more projects up to $5,000 each year. However, special consideration will be given 
to worthwhile projects that exceed this limit. No compensation will be provided to the authors for their time 
spent in writing the publication. The publication will be property of the USAS and will be sold through the 
WAS bookstore.

5) Submit: Submit proposal to USAS Publications Committee c/o Dr. Wade O. Watanabe, University of North 
Carolina Wilmington, Center for Marine Science, 601 S. College Rd., Wilmington, NC 28403-5927. Tel: 910-
962-2941; Email: watanabew@uncw.edu

mailto:watanabew@uncw.edu
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shrimp health management: experi-
ences from an MPEDA/NACA pro-
gramme in Andhra Pradesh, India. 
Aquaculture Asia VIII(3):7-13.

Raghavan, R. and G. Prasad. 2006. A need-
less diversification: a perspective on the 
unregulated introduction and culture 
of the Pacific white shrimp, Litopenaeus 
vannamei, in India. World Aquaculture 
37(1): 8-12.

Regunathan, C and M.R.Kitto. 2011. 
Litopenaeus vannamei introduction to 
India - sound management or expedi-
ency? Aquaculture Asia XVI (2):32-
34.

Tabar, Ali Khatibi. 2010. A review on white 
spot disease in penaeid shrimp farms 
with a brief  study on its occurrence in 
shrimp aquaculture zones. OIE Work-
shop presentation for OIE national fo-
cal points for aquatic animals Dubai, 
UAE.

Rao, G. Venkataramana. 2012. White 

(Continued from page 58)

LAx BiosECurity

Aquaculture Laboratory, University of 
Maryland, College Park.

5Feed purchases in 2007 (the last year 
of  WAAq operations) amounted to 
1,512 bags of  feed at 25 kg/bag. As-
suming a favorable FCR of  1.5, this is 
equivalent to about 25 mt of  shrimp 
harvested. 

6A complaint was filed 20 July 2010 in the 
United States Federal Court, Central 
District of  Pennsylvania, West Africa 
Aquaculture, Ltd. v. Zeigler Bros., Inc. 
Case number: 1:2010cv01490, alleging 
breach of  contract in the improper re-
placement of  melamine-contaminated 
feeds sold to the plaintiff.  WAAq was 
seeking compensation of  US$37,500 
for alleged direct monetary loss as-
sociated with the bad feed and addi-
tional compensation for the loss of 
the entire 2007 shrimp crop. 

7Personal communication to M.A. Rice 
and O. Drammeh by Hon. Amadou 
Bojang, Speaker of  the Gambian Na-
tional Assembly, 23 June 2011.     

8Water quality data in the Tanbi estuary 
collected and analyzed by the Water 
Resources Laboratory, Department 
of  Water Resources, Abuko, Gambia.  
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